General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



IVI/^ 

National Aeronautics and 
Space Administration 


Lyndon B. Johnson Space Center 

Houston. Texas 77058 

EARTH OBSERVATIONS DIVISION 


NOV ^ 9 1980 


^ ^ ^ .I5n-Tfi759 ' 

E82 lOOiO 

lyiO'H 


me- ND LIFE SCIENCES DIRECTORATE 

’ of Earth Resources Survey 

Pfogram information and without Uilltv 

any use made iWeof." 

INVESTIGATION OF THE APPLICATION OF REMOTE 


SENSING TECHNOLOGY TO ENVIRONMENTAL MONITORING 


Job Order 75-5P/2 
Prepared By 

Lockheed Engineering and Management Services Company, Inc. 

Houston, Texas 
Contract NAS 9-15800 


(E82-10010) IN VESTIGAIXCN OF THE N82-15488 

Ai?EL.i.CATlCN OF BEaCIF SENSJ.Nl lECHWCLCGX 10 
ENVIBCNMENIAL MCNITORINC (Lockheed 

Engiiieeriog and Manageineat) 76 p Unala s 

UC AQ5/MF A01 CSCL 13B 03/43 OOOlO 


August 1980 


LEMSCO-15175 


JSC FORM 2026A (REV AUG 78) 
NASA-JSC 


1, Report No. 2. C,overnment Accession No. 

JSC’O 6759 

3. Recipient's Catalog No. 

4. Titit Mid Subtitit 

Investigation of the Application of Remote Sensing 
Technology to Environmental Monitoring 

6. ne, 3ri Date 

August 1980 

6, Performing Organization Code 

7. Author(t) 

M. L. Rader 

8. Performing Organization Raport No. 
LEMSCO-15175 

10. Wofk Unit No. 

63-2307-5582 

9. Performing Oroanizatlon Name and Address 

Lockheed Engineering and Management Services Company, Inc. 
1830 NASA Road 1 
Houston, Ter^s 77058 

11, Contract or Grrmt No, 

13, Type of Report and Period Covered 

12. Sponsoring Age.%uy Name and Address 

National Aeronautics & Space Administration 
Lyndon 8. Johnson Space Center 

Houston, Texas 77058 Technical Monitor: J.L. Kalterba 

14. Sponsoring Agency Code 

ch 

15. Supplementary Notes 

16, Abetract 


This k'eport presents the activities and results of a project to investigate 
the appl'i cation of remote sensing technology developed by NASA's Johnson 
Space Center Earth Observations Division (JSC-EOD) to environmental monitoring. 
This technology was developed by NASA for the LACIE, AgRISTARS, Forestry and 
other NASA remote sensing projects. This project was very limited in scope 
with its essential objective being to Identify and demonstrate candidate 
technology for possible transfer to the Env1ro,iinental Protection Agency's 
Environmental Monitoring Systems Laboratory In Las Vegas, Nevada, the agency 
that provided funds for this project. The application of interest Is that 
related to environmental monitoring of strip mining. Industrial pollution, 
and acid r( 2 ln. A secondary objective was to begin a continuing relationship 
between EPA and JSC-EOD with respect to remote sensing technology. 


1 7. Key Words (Suggested by Author(s) 1 

Environmental Monitoring 
Remote Sensing Systems 

18. Distribution Statement 

19. Security Qattif. ^hls report) 

Unclassified 

20. Security Classif . (of this page) 

Unclassified 

21. No. of Pagiss 

22. Price* 


rJC Form t424 (Htv Nov 75) 


For Mie by the National Technical Information Service, Spr/;ngfield, Virginia 22161 


NASA — JSC 



JSC-16759 


INVESTIGATION OF THE APPLICATION OF REMOTE 
SENSING TECHNOLOGY TO ENVIRONMENTAL MONITORING 
Job Order 76-582 


APPROVED BY 


LOCKHEED 


U 


M. l: Rader 
Project Manager 



L. Bertrand, Jr.; Manafer 
Data Products Department 


NASA 



0. (3. Smith ^ 

Renewable Resources Branch 


Prepared By 

Lockheed Engineering v^nd Management Services Company, Inc. 

For 

EPA Environmental Systems Laboratory 
Las Vegas, Nevada 

And 

Earth Observations Division 

Space And Life Sciences Directorate 

NATIONAL AERONAUTICS & SPACE ADMINISTRATION 
LYNDON B. JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


August 1980 


LEMSCO-15175 


TABLE OF CONTENTS 


SECTION PAGE 

1. ABSTRACT 1-1 

2. BACKGROUND AND PROJECT APPROACH. 2-1 

3. MINE DETECTION EXPERIMENT. . 3-1 

3-1 LITERATURE SEARCH 3-1 

3.2 EXPERIMENT PCSIGN .3-1 

4. SELECTION OF CANDIDATE TECHNOLOGY 4-1 

4.1 REMOTE SENSING WORKSHOP ... 4-1 

4.1.1 INTRODUCTION 4-1 

4.1.2 LACre AND AgRISTARS PROGRAMS 4-1 

4.1.3 SAMPLING STRATEGY FOR CROP SURVEYS 4-2 

4.1.4 PROCEDURE 1 CLASSIFICATION 4-3 

4.1.5 EOD LARSYS. 4-5 

4.1.6 VEGETATIVE STRESS . 4-6 

4.1.7 ACCURACY ASSESSMENT . 4-7 

4.1.8 AGRICULTRAL TECHNOLOGY. . 4-8 

4.1 .9 HDT DOMSAT . 4-9 

4.1.10 DAM . 4-9 

4.2 NASA-EPA CONFERENCE .4-10 

5. CLASSY DEMONSTRATION 5-1 

5.1 INTRODUCTION 5-1 

5.2 SITE SELECTION ..5-2 

5.3 DATA PROCESSING 5-2 

5.4 ANALYSIS OF RESULTS . 5-5 

6. CONCLUSIONS AND RECOMMENDATIONS. 6-1 

7. REFERENCES 7-1 

APPENDICES 

A - Literature Search A-1 

B “ Experimental Design. ................ B-1 






U1 


jU 


w 


TABLE OF ACRONYMS 


ERA 
NASA 
LACIE 
AgRI STARS 

EOD 

JSC 

CLASSY 

MSS 

LARSYS 

DOMSAT 

USDA 

GIN 


Environmental Protection Agency 
National Aeronautics & Space Administration 
Large Area Crop Inventory Experiment 

Agriculture and Resources Inventory Surveys Through Aerospace 
Remote Sensing 

NASA's Earth Observations Division 

NASA's Johnson Space Center 

Not an acronym. An EOD clustering algorltlm. 

Multi -Spectral Scanner 

A software system developed by NASA for the Laboratory for 
Remote Sensing facility at Purdue University. 

Domestic Satellite 

United States Department of Agriculture 
Green Index Number 


1 . ABSTRACT 


This report presents the activities and results of a project to Investigate 
the application of remote sensing technology developed by NASA's Johnson 
Space Center Earth Observations Division (JSC-EOD) to environmental monitoring. 
This technology was developed by NASA for the LACIEt AgRl STARS i Forestry and 
other NASA remote sensing projects. This project was very limited in scope 
with Its essential objective being to Identify and demonstrate candidate 
technology for possible transvjr to the Environmental Protection Agency's 
Environmental Monitoring Systems Laboratory In Las Vegas, Nevada, the agency 
that provided funds for this project. The application of Interest Is that 
related to environmental monitoring of strip mining. Industrial pollution, 
and acid rain. A secondary objective was to begin a continuing relationship 
between ERA and JSC-EOD with respect to remote sensing technology. 


2. BACKGROUND AND PROJECT APPROACH 


The Environmental Protection Agency project objective was to Investigate 
and Identify NASA Landsat remote sensing technology developed by the Earth 
Observations Division at the Johnson Space Center, which could be applied 
to environmental monitoring. 

The Initial appraoch was to look first at specific applications to determine 
If current Integrated systems could be applied without modification. If this 
proved unfeasible, specific technology would be reviewed for general application 
to various environmental monitoring tasks. The first specific application 
selected for evaluation was the detection of the effects of acid rain and the 
detection of vegetative stress caused by mine pollutants (primarily dust)., 

A site was selected ever North Dakota which had numerous strip mines and where 
landowners had complained of crop and other vegetative damage caused by dust 
and pollution from strip mining. It was hypothesized that the same technology 
used to detect vegetative stress caused by mine pollution might possibly be used 
to detect the effects of acid rain. Another criteria In selecting this site was 
that NASA maintained test sites for another remote sensing project near the 
selected site, thus minimizing the resources required for gathering data. 

Using test site aerial photography acquired In the late spring of 197S, an 
analysis was made to determine the level. If any, of the vegetative stress 
existing over the test area. If no vegetative stress could be detected from 
aerial photography, It Is not likely that It would be detected with Landsat 
technology. By analyzing the aerial photography. It was concluded that 
there was Insufficient stress to measure from Landsat data. Therefore, the 
application of such techri1,ques would be futile. Due to the limited project 
resources, a replacement site was not selected. 

A second application, the detection and evaluation of mine development, was 
selected for Investigation. A literature search was performed (Appendix A) 
and a first draft of an experimental design (Appendix B) was prepared. Upon 
coTtipletlon of this literature search and experiment design. It was determined 
that the proposed technology on mine development has been documented In several 
comprehensive reports. 
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At this time the approach was taken to review specific technologies for 
possible applications to environmental monitoring. A remote sensing 
workshop was held for EPA personnel at the Johnson Space Center to present 
and discuss these technologies as applicable to EPA tasks. At the conclusion 
of this workshop* EPA selected CLASSY (an EOD clustering algorltNn) as a 
candidate to he evaluated for possible use by EPA. A portion of the Landsat 
data acquired for the North DaKota test site was clustered and acco(npan1es 
this report for evaluation and comparison to other algorithms, This report 
concludes this project. 


3. MINE DETECTION EXPERIMENT 


3.1 LITERATURE SEARCH 

Before designing the experiment, a literature search was performed. The 
results of this search are given in Appendix A. The search was for papers 
investigating mine location and inventory. As noted in the appendix-, 
several papers were found dealing with the selected subject. 

3.2 EXPERIMENT DESIGN 

The mine deu ction experiment was desiined to investigate the feasibility of 
operationally identifying and locating strip mines on Landsat MSS data with 
JSC developed remote sensing technology. The design emphasized mine signature 
definition, one of the problem areas in automated detection. A preliminary 
draft of this experiment design is given in appendix B. 

During the design review phase, questions were raised as to the usefulness of 
being able to detect mines with Landi,at. The opponents to the experiment 
theorized that mines which are detectable are already well known by EPA»and 
those which are probably not detectable (such as overgrown abandoned mines) 
are the ones which would be the most desirable to detect. In addition, there 
was a low level of confidence in the ability to identify and define a mine 
signature with the required degree of accuracy. As a result, mine detection 
activities were curtailed and attention focused on the review, analysis, and 
possible selection of JSC remote sensing technology for use by EPA. 


4. SELECTION OF CANDIDATE TECHNOLOGY 


4 . 1 REMOTE SENSING WORKSH OP 

4.1.1 INTRODUCTION 

In orde>" to better acquaint ERA with JSC's technology* a workshop was 
held at NASA * Houston to provide briefings to ERA personnel on technical 
aspects of JSC's remote sensing programs. This allowed ERA a view of the 
technology and provided them with a basis for selecting technology for 
possible transfer to ERA. Much of the workshop material was obtained from 
the LACIE Symposium sponsored by JSC-EOD in October, 1978. The proceedings 
of that symposium Is a useful reference for the papers presented at the 
workshop. 

The topics covered In the workshop Included sampling strategy. Procedure One, 

EOD LARSYS, Vegetative Stress Analysis, Accuracy Assessment Cartographic 
Processing and Research, Agricultural Technology, National Forestry Applications 
Program, High Density Tape (HDT) DOMSAT receiving station, Detection and Mapping 
(DAM) project, and ongoing research and development. At the conclusion of the 
workshop, ERA briefed NASA personnel on their current and anticipated applica- 
tions. This section (4.1) contains abstracts for each of the disciplines 
presented. 

4.1.2 LACIE AND AgRlSTARS PROGRAMS 

In July, 1972, the first Earth Resources Technology Satellite (ERTS), now 
called Landsat-1, was successfully orbited, and remote sensing took a giant 
step forward. Since then the Landsat program has demonstrated that digital 
products, as well as Image products, derived from the data collected by the 
Multlspectral Scanner (MSS) on Landsat-1, through appropriate analysis techniques, 
can provide useful Information to those engaged In monitoring and planning the 
development and conservation of the Earth's resources. 

In 1974, the National Aeronautics and Space Administration (NASA), the 
National Oceanic and Atmospheric Administration (NOAA), and USDA began the 
Large Area Crop Inventory Experiment (LACIE) to explore the value of Landsat 
remote sensing for estimating production of an Important world commodity, wheat. 
The experiment has been conducted over three crop seasons and the technology 
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has been developed to the point where country level production estimates 
have been made on a selective and limited basis. More important than the 
actual estimates produced by LACIE Is the experience base developed In the 
experiment, with a better understanding of the complexities Involved In crop 
production forecasting and estimation, LACIE Identified a need for more 
supporting basic research, and plans were made for an expanded research and 
testing effort. Within the USDA component of LACIE, plans were made to 
redirect and extend the program to cover more of the world's major agricultural 
production regions and additional selected crops within those regions, The 
emphasis within the program shifted from estimating production to testing of 
methods and procedures which will provide early warning of changes affecting 
crop production levels. 

Progress in the multiagency LACIE and In USDA remote sensing programs led 
the Secretary of Agriculture to propose a Secretary's Initiative for Aero- 
space Remote Sensing. The Initiative included participation by other depart- 
ments and agencies j namely, NASA, the Affincy for International Development (AID), 
and the Departments of Commerce and Interior. The expanded activity envisioned 
under the Initiative Includes net only early warning of changes affecting pro- 
duction and commodity production forecasts, but renewable resources Inventory 
and land use clarsificatlon as well. Estimates of land productivity, assess- 
ment of conservation practices, and detection and Impact evaluation of pollution 
are also Included as subjects of concern In the Initiative. A joint planning 
effort, based on the Initiative, resulted In the Agriculture and Resources 
Inventory Surveys Through Aerospace Remote Sensing (AgRISTARS) Program started 
In FY60 and planned through FY85, 

4.1.3 SAMPLING STRATEGY FOR CROP SURVEYS 

The LACIE sampling strategy was designed to cost effectively estimate wheat 
area and production In a country with a predesignated precision level. A 
stratified sample design was used to determine the number of sample units 
required for the country. The sampling unit was a 5- by 6- nautical mile 
area segment. The level of stratification depended upon whether a country 
had detailed historical data (e.g,, U.S., Canada, and Australia) or whether 
It had data at only one level smaller than the country Itself (e.g., USSR, 


China • Argentina) Brazil and India). In the latter case* a standard 
stratified sampling scheme was employed, whereas In the first case, the 
sampling scheme consisted of ^ two-stage stratified random sample In which 
"substrata" were the primary sampling units. The 5- by 6- nautical mile 
segments were the secondary sampling units. The sampling frame consisted of 
the agricultural area within the major wheat-producing regions of a country. 

Sample segments were allocated to the strata/substrata based on weights which 
were functions of (1) the agricultural area In the stratum/substratum and 
(2) the within stratum substratum variance of wheat area from segment to 
segment. The historical wheat acreages for the strata and their Landsat 
Imagery were used to estimate the parameter In (1) and (2), 

The strata wheat acreages were estimated from the Landsat estimates of wheat 
crop proportions for the sample segments. When aggregated, these strata 
estimates provided the wheat area estimates for a larger region or the entire 
country. 

The wheat yield predictions (bushels per acre) were made from the statistical 
models developed based on the past meteorological and wheat data. The stratum 
wheat production was estimated by multiplying Its wheat acreage estimates to 
Its yield prediction. The strata estimation were aggregated to obtain the 
country level wheat production. 

The wheat survey showed that fairly accurate and reliable estimates can be 
obtained using Landsat data In conjunction with good ancillary Information on 
crops In the region. In a technological sense, remote sensing shows great 
potential for surveying the totality of crops with a coinmon growth pattern 
(e.g., spring wheat, barley and oats In the U.S, Northern Great Plains). 

4,1.4 PROCEDURE 1 CLASSIFICATION 

Motivated by the problems experienced with the LACIE Phase I and II design, a 
second classification approach, called Procedure 1, was designed and adopted 
In Phase III, This design proved to be a significant Improvement In terms of 
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both estimation accur'acy and efficient use of analyst abilities. More data 
could be processed with greater accuracy using the same manual resources. A 
key feature in this improvement was that the analyst was freed to concentrate 
on the labeling function. Machine processing was used to reduce the variance 
of an analyst-derived area estimate and to improve labeling accuracy. The 
classification of a segment was treated as a stratification of that segment 
into ’'probably small-grains" and "non-small-grains" strata. Through the use 
of a poststrati f led estimation method, the variance of a simple randomly 
allocated analyst estimate was reduced. Moreover, the ability to cross-check 
between machine clnssificatlon and analyst labeling of the same areas and the 
introduction of analyst labeling aids were elements of the design aimed at 
Improving analyst labeling accuracy, 

The analysis of a given segment in Procedure 1 can be described in terms of 
four interrelated operations, which will be called labeling, classification, 
area estimation, and evaluation. Labeling refers to all manual functions 
that result in the assignment of a label to certain specified pixels within 
the Landsat segment image, The purpose of labeling is threefold: (1) to 

provide observations from small -grains and non-small -grains classes that are 
needed to estimate certain classifier parameter values, (2) to provide 
observations for a stratified area estimate of small grains, and (3) to 
provide observations for testing the quality of the segment estimates, The 
classification operation sorts each pixel in a segment into one of two possi- 
ble classes. The result is a class map, which is subsequently treated as a 
stratification of the segment area into two (not necessarily connected) regions. 
Within the limits of classification error, the first region contains pixels 
primarily of the first class and the second region contains pixels primarily 
of the second class. Given this stratification, area estimation is performed. 
This is a stratified area estimate using a second set of labeled dots (inde- 
pently selected from the set used to estimate classification parameters) 
allocated within the strata. Finally, the purpose of the evaluation operation 
is to provide a quality check on the segment estimate and to devfilop rework 
strategies if required. For additional information on Procedure one, see 
pages 77-85, Reference 6, 
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4.1.5 EOD LARSYS 


EOD-LARSYS Is a tool to analyze digital images. It is normally used to 
recognize patterns in Landsat and other ;^ulti spectral imagery data. It 
is a very flexible, highly modular system that allows an analyst many 
capabilities. An analyst can examine the data and extract statistics; 
use dots or fields for training; conduct both supervised and unsupervised 
clustering; carry out maximum likelihood classification; use different 
feature selection methods; produce a range of products for display; and, 
in general, define a very wide variety of processes for t'le analysis of 
images. 

EOD-LARSYS is a noninteractive system for the analysis of multispectral 
imagery data. It can be used with imagery data from many sources, provided 
only that they are in an acceptable format — including some Landsat formats. 

In practice, most data come from the Landsat series of satellites, but images 
from aircraft-mounted scanners, the Skylab missions, and meteorological 
satellites have also been used. 

The system is comprised of various processors. The user must supply the data to 
be analyzed, normally on tape, and a file of cards or card images which 
specify the processors that are to be used in analysis. 

A user will normally want to classify the contents of an image. Initial 
steps might be to call the histogram processor, HIST, to assemble the image 
data in bins, and then to use the GRAYMAP processor to produce a gray-scale 
map of some of the channels. 

HIST prepares histograms for viewing; it is normally required to precede 
GRAYMAP sc that symbols can be properly assigned to ranges of radiance 
values. The analyst might use the gray-scale map to define training fields. 

Then the CLASSIFY processor could be used to classify the data. 

To see the results of the classification, the user might use the DISPLAY 
processor. This allows the analyst to prepare tapes with classification 
images or maps on paper with symbols representing classes. This processor 
allows certain calculations to be performed on the results of the classification. 
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EOD-LARSYS also allows the analyst to use Procedure 1, a sernf -automatic 
algorithm for classifying an image on the basis of labeled dots. The 
DOTDATAi ISOCLS (or TESTSP) clustering* and LABEL processors would be used* 
in addition to most of the above processors. The NDHIST and SCTRPL processors 
might possibly be used in the same procedure to obtain spectral plots of the 
n-channel histogram. 

For some studies* an analyst may need to select the channels or sets of 
channels (such as Landsat acquisitions) that best separate the classes of 
Interest. For this he or she would use the feature selection processor, 
SELECT. 

Many useful transformations can be applied to imagery data. The data trans- 
formation (DATAfR) processor allows the analyst to apply any matrix trans- 
formation or merely to rescale the data. 

The analyst may perform a linear transformation on means and covariances 
and output the transformed statistics, in which case the statistics trans- 
formation (TRSTAT) processor would be used. There are support processors 
to assist the user. DAMRG performs channel or spatial merger of image data. 
6TTCN and 6TDDM accomplish the labeling of picture elements (pixels) and 
dots (selected pixels) on the basis of ground truth files. 

The user communicates with the EOD-LARSYS by card image files. In a typical 
case, an image tape and a file of card images specifying the processing 
options would be used. For example, to apply HIST and GRAYMAP in the same 
batch, the analyst would furnish an image tape and a file of card images. 

The file would have a few system card images, then the HIST card images, 
and then the GRAYMAP card images. In applications involving the use of a 
remote terminal, the files of card images specifying the processing options 
are created in advance and are read at run time. For additional information 
on EOD-LARSYS, see reference 7. 


4-6 


drought. During 1977, the procedure was expanded to the Great Plains for 
evaluation as a technique for detecting and monitoring vegetative water 
stress over large areas. The technique, Green Index Number (GIN), uses 
Landsat digital data from 5 by 6 nautical mile sampling frames (segments) 
to Indicate when the vegetation within the segment Is undergoing drought. 

At known growth stages for wheat, segments wore classified as drought or 
non-drought areas. The remote-sensing-basjd Information was compared to a 
weekly ground-based Index (Crop Moisture Index) provided by the United States 
Department of Commerce. This comparison demonstrated a high degree of agreement 
between the 18-day remote sensing technique and the ground-based weekly data. 
Maps based on GIN of parts of the USSR and Australia were produced with a 
two-week lag and later compared with other crop assessments of crop conditions 
In these areas. These maps were judged to be In general agreement with the 
other data sources. 

4.1.7 ACCURACY ASSESSMENT 

The objective of Accuracy Assessment Is to evaluate tie accuracy and effective- 
ness of area, yield, and production estimates produced by remote sensing 
procedures. Sources of error In the procedures are determined, and recommenda- 
tions are made for improving the procedures. 

The area, yield, and production estimates for large regions are compared with 
USDA estimates for the regions Involved. Field inventories and periodic 
observations for selected segments In the United States are used to check th^? 
accuracy of Individual Landsat segment (117 lines by 196 samples) classifica- 
tions. 

The ground truth Inventories are converted into digital single channel grey 
level Images at six times the resolution of the LANDSAT Imagery. Each pixel 
of ground truth Is assigned a numerical value based upon the crop type for 
that pixel as determined from the ground truth. This ground truth Image Is 
registered to the Landsat data to facilitate digital checking of Landsat 
classifications. 


The periodic observations are made for a number of fields In each segment 
which has ground truth. These observations are made on the same day the 
satellite passes over the segment. Observations are made of growth stage, 
plant height, crop cover, and yield. 

In order to perform the necessary evaluations, a data base containing the 
procedure outputs and ground truth information was developed on the POP 11/45. 

A set of programs was developed to make comparisons between the procedure 
results and ground truth on a segment level. These results are used to 
evaluate the overall performance of the procedure. 

Some of the evaluations which are performed by accurany assessment are: 
dot labeling accuracy, clustering effectiveness, classification accuracy, 
proportion estimation accuracy, sampling error, crop calendar accuracy and 
variability, yield model accuracy, and labeling error analysis. For additional 
Information, see page 265, reference 6. 

4.1.8 AGRICULTURAL TECHNOLOGY 

Information on crop phenology Is used for selection and Interpretation of 
remotely sensed data. Currently, both historical average data and crop 
development models are used for these purposes. In the U.S., historical 
data are summarized for major agricultural crops at the state and crop 
reporting district level (there are generally nine crop reporting districts 
per state). Crop development models based on surface weather observation 
are In use for wheat and barley. 

A software system has been developed wh:ch interpolates synoptic weather 
observations to specific sites over which remotely sensed data has been 
collected. The weather data is used to drive the crop development model « 
and to provide image analysts with ancillary Information on temperature and 
moisture stress. 

A simple system has been developed to create stable false color imagery and 
to convert digital data into color notation which corresponds to that 
observed In the imagery. Techniques have been developed to predict the 
spectral appearance of selected crops in this type of Imagery from the 
data provided by the meteorological information system. 
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4.1.9 HDT DOMSAT 

EOD has recently placed into operation a new system to receive and process 
the Landsat Imagery output of the Master Data Processor (MDP) located at the 
NASA Goddard Space Flight Center (6SFC). The main purposes of the EOD System 
are to (1) extract areas of interest (AOI) from full Landsat scanes (170 X 
IBS Nn) and (2) provide source data to users of Landsat imagery. The EOD 
system consists of two major subsystems: Multi -spectral scanner (MSS) imagery 
reception and AOI extraction. 

The imagery reception subsystem acquires the data signal transmitted by 6SFC 
to the EROS Data Center over the RCA Domestic Satellite service and monitored 
by JSC. These data are recorded at JSC on high density digital tapes (HDT). 
6SFC also transmits inventory data over telephone lines to JSC, describing 
the contents of the HDT data stream. 

The extraction subsystem selects AOI's from the full scenes by comparing the 
Goddard High-density Inventory Tapes (GHIT) with the users' requests. Then 
the required full scenes are read from the HDT's and converted from analog- 
to-digital. The requested AOI is then written to computer compatible tapes 
for subsequent image analysis. 

4.1.10 DAM 

The Detection and Mapping (DAM) package is a JSC-EOD developed software system 
used for mapping water bodies from Landsat data. The input to the system is 
Landsat MSS data and the output is a computer line printer or machine plotted 
map of the water bodies. This output map is registered to ground control 
points by interactively identifying and measuring image points corresponding 
to map control points. This process can be accomplished with only a remote 
programming terminal such as a TI Silent 700 dialed into a Univac 1100 series 
host computer. Water classification is performed by a table lookup procedure. 

The software system is designed for a Univac 1100 series host computer. A 
standard set of documentation and CCT recordings of the software is available 
on request. 
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4.2 NA<tA-EPA CONFERENCE 


At the conclusion of the Workshop, EPA and NASA personnel met to discuss the 
various technological candidates - the objective being to select a candidate 
for evaluation for potential transfer. EPA briefed NASA on their current 
and future remote sensing applications. These included monitoring the 
environmental impact of the Canadian gas pipeline and development of a new 
power plant, the effects of acid rain, and the water quality of lakes, rivers, 
bays, etc. 

EPA recently installed NASA's ISOCLS clustering/classification algorithm. 

ISOCLS is dependent on numerous human estimated parameters, thus increasing 
the variability of the results. A newly developed more independent clustering 
algorithm, the CLASSY, was briefed to EPA during the workshop. CLASSY requires 
few input starting parameters. EPA selected CLASSY as the candidate for eval- 
uation because of their need for a classifier. It was decided to demonstrate 
CLASSY on the North Dakota data set acquired for the vegetative stress study. 
This area has strip mines, rivers, and farming and ranching regions. 
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5. CLASSY DEMONSTRATION 


5.1 INTRODUCTION 

As a result of the remote sensing workshop It was decided that a demonstration 
of certain components of the technology described would be useful to the 
Environmental Protection Agency. This demonstration would allow the EPA to 
better assess these approaches and to compare them to techniques currently 
in use. In particular* It was decided that a demonstration of the CLASSY 
clustering algorithm developed at JSC using data provided by the EPA would 
be most beneficial . 

The CLASSY clustering algorithm Is based on modeling the statistical 
distribution of the multivariate data vectors as a mixture of multivariate 
normal probability density functions. As such, It may be described as a mixture 
density decomposition algorithm. Estimates of the statistics which describe 
each multivariate normal component of the mixture are obtained using the 
technique of maximum likelihood estimation. These statistics Include the 
mean vector and covariance matrix for each component as well as Its proportion 
in the overall mixture. A unique aspect of the CLASSY algorltiw Is Its 
capability to adaptively estimate the number of multivariate normal components 
in the mixture. This occurs through a discrete split, join, eliminate process 
whereby new components of the mixtures are tentatively added or old components 
tentatively deleted. If these new components prove to have a better fit to 
the overall distribution of the data (as measured by the likelihood function) 
they are retained. At the end of a fixed number of passes through the data, 
each data point Is classified Into the component of the mixture whose probability, 
given the data point. Is the largest. This produces a standard cluster map. 

Because this algorithm Is ba>ed on a very well postulated mathematical model, 

It has been developed along precise mathematical lines. This approach Is 
distinguished from the rather ad hoc concepts underlying many clustering 
algorithms. In addition. It frees CLASSY from many of the arbitrary parameters 
required of other clustering algorithms. Finally, If the multivariate mixture 
model Is appropriate, then the densities and corresponding clusters revealed 
by the algorithm represent distinctive spectral ground cover classes rather 
than simply arbitrary regions of spectral space. 
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CLASSY has been tested and evaluated extensively in the context of agricultural 
remote sensing. Several reports describing the mathematical details of the 
algorithm and presenting the results of the evaluations conducted to date 
are given In the list of references (1, 2, 3, 4, 5). 

5.2 SITE SELECTION 

A test site for applying CLASSY was selected from the data set gathered for 
the original experiment (vegetative stress). The site was located near 
Bismarck, North Dakota, Immediately south of a dam on Lake Sakakawea, 

North Dakota. The approximate boundaries of the site are outlined on the 
Landsat image as Illustrated in Figure 5-1. It was necessary to divide the 
site Into six subimages as shown in Figure 5-2 for processing with CLASSY 
since the software cannot process an image in excess of 200 by 200 pixels. 

An August 1979 Landsat date was selected for processing. 

The criteria for selecting this site included the availability of data 
(aerial photos and Landsat data had already been acquired), the Inclusion of 
strip mines, and the variability of surface features (water, farming, ranching; 
mining, etc.) 

5.3 DATA PROCESSING 

The Landsat data acquired from the EROS Data Center was divided Into six images, 
each approximately 200 by 200 pixels in extent. This was necessary as the 
current storage requirements of the CLASSY algorithm will not allow the pro- 
cessing of a larger image. Each of these Images was clustered separately. The 
algorithm parameters were set to process every other pixel and to make six 
complete passes through the data set. The only other parameter which needs to 
be specified is the smallest acceptable proportion for a component of the mixture. 
This parameter was set to 1%, which means that we did not attempt to recover 
spectral classes which comprised less than 1% of the image being processed. 

The cluster maps produced for each of the six Images were recorded on magnetic 
tape In universal Image format. Color coded hard copy maps were subsequently 
made from these tape files. These maps are being provided to EPA with this 
report. Note that since the six Images were clustered separately, a given 
color In one Image may not correspond to the same color In another Image. 

Thus, the Individual cluster maps should be evaluated separately. 
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5.4 ANALYSIS OF RESULTS 


The six cluster maps described In Section 5.3 were viewed on the General 
Electric Image 100 Image processing system at JSC, Two trained Image 
analysts compared the cluster maps with high resolution aerial photography 
and attempted to provide a ground cover characterization for each cluster. 
The results of this analysis for each of the six Images are given In 
Tables 5. 1-5. 6. 


It should be noted that In general the clusters correspond to reasonable 
ground cover classes, The number of clusters varies from 5 to 12 with the 
average number being 7. Of particular interest to the EPA is the fact that 
there were clusters corresponding to strip mitres In both Images 5 and 6. 

Due to the lack of detailed ground truth in the analysis area and the fact 
that this particular project was designed as only a demonstration of 
technology, further detailed evaluation of the clustering results was not 
attempted. 


Table 5.1 


Sublmaae 1 (200 x 200 Pixels) 


Undsat Sample Coordinates; 1020-1220 
Undsat Line Coordinates; 1250-1450 


Type Cluster Code 

Barren Sand 12 
Forestland/Vegetative Cropland 17 
Barren Soil 25 
Water 26 
Grassland 55 
Cropland 57 
Grassland 59 
Cropland 60 
Harvested Cropland 61 
Forestland 68 
Barren Soil (Cropland) 69 
Vegetative Cropland/Rangeland 


237 


I 


i 


Table 5.2 

Sublitiaqe 2 (159 x 200 Pixels) 


Undsat Sample Coordinates j 1221-1380 
Landsat Line Coordinates! 1250-1450 


Class 

Type . _ _ 

Cluster Code 

1 

Cropland 

17 

2 

Barren Soil 

21 

3 

Trees 

24 

4 

» 

Cropland (Barren) 

61 

5 

Cropland (Vegetating) 

66 

6 

Grassland/Range 

77 

7 

Grassland/Range 

78 


Table 5,3 


Subitnaqe 3 (200 x 174 Pixels) 

Landsat Sample Coordinates: 1020-1220 
Landsat Line Coordinates: 1451-1625 


Class 

Type ^ 

Cluster Code 

1 

Cropland (Barren) 

59 

2 

Grassland/Rangeland 

70 

3 

Water/ Fresh Plowed Cropland 

74 

4 

Cropland 

99 

5 

Cropland 

100 


I 
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Table 5.4 

Sublmaqe 4 (159 x 174 Pixels) 

Landsat Sample Coordinates: 1221-1380 

Landsat Line Coordinates: 1451-1625 


Class 

Type ^ 

Cluster Code 

1 

Water 

15 

2 

Grassland/Cropland 

25 

3 

Barren Soil 

34 

4 

Trees 

43 

5 

Forest/Cropland (Vegetating) 

48 

6 

Forest/Range/Grassland 

81 

7 

Barren Soil /Harvested Cropland 

82 


I 


i 
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Table 5.5 


Sublmaqe 5 (200 X 200 Pixels) 


Landsat Sample Coordinates: 102 

Landsat Line Corodinates: 1626- 


Class 

1 

2 

3 

4 

5 

6 
7 



"Strip Mines" 
Agricultural Land 
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1-1220 

826 

Cluster Code 

25 

42 

85 

120 

213 

232 

250 



Table 5.6 


Subima^e 6 (159 x 200 Pixels) 

Landsat Sample Coordinates: 1221-1380 

Landsat Line Coordinates: 1626-1826 

Class Type Cluster Code 


1 

"Strip Mines" (Barren Soil) 

21 

2 

Grassland/Rangeland 

44 

3 

Grassland/Rangeland 

45 

4 

Water 

227 

5 

Grassland 

244 

6 

Barren Soil ("Strip Mine Areas Included") 

247 
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6. CONCLUSIONS AND RECOMMENDATIONS 


This project has initiated the sharing of remote sensing technology between 
NASA-JSC and ERA. It should not end with the conclusion of this effort but 
should be a continuing activity. One of the first items of business should 
be for ERA to install a terminal at their Las Vegas plant to access the 
Purdue LARS IBM 3031, EOD LARS (Section 4.1.4) remote sensing software 
system, which includes CLASSY, could be utilized by EPA on many of their 
projects, When EOD completes installation of their new system (IBM 4300 
class of machine), a provision could be made to allow EPA to also access 
that system, which would have additional capabilities and supplant the 
EOD-LARS system. 

It is not recommended that EPA engage in a software conversion effort since 
conversion to their current system, a Varian 75, would be difficult at best. 

It is possible that EPA will purchase a new computer system in the near future, 
at which time this approach could be reviewed. 

Another area for potential sharing is that of aerial photo acquisition. 

EPA frequently flies photography near JSC-EOD test sites and JSC will be 
flying near EPA sites. It may be advisable to coordinate these activities 
to minimize the cost of such acquisition. Perhaps the government should 
centralize aerial photo acquisitions for all agencies. 

JSC and EPA should continue to monitor each other's progress in the remote 
sensing discipline and share data and technology. 
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REMOTE SENSING MINE INVENTORY LITERATURE SEARCH 


] .0 Scope 

A literature search for papers dealing with mine location and Inventory by 
remote sensing techniques has been completed. The NASA-RECON and the NTIS 
data bases were queried. The NASA-RECON system contains NASA funded research 
whereas NTIS encompasses all federal research. The results of these queries 
are enclosed In Appendix A and B respectively. Also, the various journals 
and symposium papers were searched. 

2.0 Results 

The most detailed experiment directly related to the Inventory application was 
perfonned by Anderson, Schultz and Buchman at NASA-6oddard as a joint effort of 
the state of Maryland, NASA, and the General Electric Space Division under 
contract to NASA. The report on this effort was titled "Landsat Inventory of 
Surface-Mined Areas Using Extendible Digital Techniques" and was published on 
June 30, 1975, In the proceedings of the NASA Earth Resources Survey Symposiu m, 
Houston, Texas, 1975. 

A second experiment performed by the U.S., EPA Office of Enforcement, Denver 
Region VIII, provided considerable detail on classifying and evaluating the 
various stages of mining activity. 

The results of this experiment were reported In EPA Report Number EPA-3301 3-75-001 . 

A third experiment having considerably less detail was reported In the 1975 pro- 
ceedings of the NASA Earth Resources Survey Symposium , Houston, Texas, 1975. 

The title of this report Is "Application of EREP, Landsat and Aircraft Image 
Data to Environmental Problems Related to Coal Mining." 

Other reports Include "Automated Strip-Mine and Reclamation Mapping from ERTS" 
by Rogers et al and "Significant Applications of ERTS^-l Data to Resource 
Management Activities at the State Level In Ohio" by Sweet et al. 


Both of these are published in the Third Earth Resources Technology 
Satellite-l Symposium Volume 1, Section B of the Technical Presentations, 

Goddard Space Flight Center, December, 1973, 

All of the above are available upon request, 

3.0 Current State-of-the^Art 

A consensus exists among investigators (Amato, et al, Anderson, et al, 

Rogers, et al, and Sweet, et al) that open pit or strip-mining can be de- 
tec cod and partially monitored utilizing satellite remote sensing teciiniques. 

Both manual and computer-aided methods have been examined and successfully 
demonstrated. Irrespective of classification technique (algorithm) or date, 
the barren soils and/or freshly exposed rock in the pit and spoil are 
detectable, 

Amato ,et al demonstrated that essentially the same results are achieved with 
aircraft photography and manual interpretive methods. Tanner similarly showed 
that strip mines and associative environmental conditions of the terrain can 
be discriminated with aircraft scanner data and automated computer methods. 

Investigators recognize the environmental variability associated with strip- 
mining practices such as premining denudation of vegetation, reclamation phases, 
coal and overburden refuse piles, slurry ponds, acid water, water siltation, 
size of mined area and vegetation stress characteristics. Environmental 
variability gives rise to an equally broad spectrum of spectral signatures. 
Compounding signature variability are the normal affects associated with 
atmosphere, sun angle, and phenological changes, A distinction is made in the 
literature between simple detection of a strip mine (which appears to be 
universally feasible) and identification and areal measurement of associative 
environmental conditions which is only partially achievable. Thus, a universally 
applicable strip-mine signature has not been identified. Further, some con- 
fusion in classification between strip-mines and other barren soil, exposed 
rock outcrops, roads, and buildings may occur thereby degrading the inventory 
count and areal measurements of the extent of strip-mining in the area. 
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Anderson, ot al and Rogers, et al., do perform areal measurements and deinon- 

strate good correspondence for mines in excess of 100 acres with areal 

measurements derived from aircraft photography. Anderson, et al also 

demonstrate signature extension over a limited area, with notable success 

utilizing a band ratio technique which aids in reducing the variability in 

■* 

signature induced by variations in atmosphere and sun angle. None of the 
literature surveyed demonstrates a rigorous test of classification or areal 
measurement accuracies. 

4 , U Recommendati ons 

Tfif! most effective means of locating mines appears to be photo interpretation 
of aerial photography. Landsat digital and hardcony identification also 
appears to be feasible with certain limitations. First, small mines are not 
identifiable on Landsat. Second, Landsat identification will include classes 
which appear to be mines and are actually other classes such as roads, bare 
ground, etc. Also, the^signature for strip mines may vary significantly 
across a Landsat full scene (100 x 100 nm) as a function of soils, vegetation, 
and other variables. It is recommended that the proposed experiment investigate 
combining these various signatures and that classification techniques be 
examined for minimizing this variance. This consolidation is important to 
make the automated detection more competitive with manual techniques. Also, 
if resources allow, the commission error problem should be investigated for 
possible resolution by spatial recognition techniques. For example a spatial 
recognizer could determine that the object classified is actually a road since 
it has a long narrow shape and thus eliminate it from the class. 
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SEARCH TITLE 
DATE/riLE 
SEARCH 3Y 
REQUESTER 
STREET 
CITY/STATE 
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NO 

command 
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WO 

CWASAWD 

MIN 

NO 

BEGIN SEARCH 

000.00 

0 

COMBINE 

000.12 

4 

PRINT 

vOO.OO 

1 

EXPAND 

000.63 

18 

LIMIT 

000.00 

0 

ALL 

000.00 

0 

DISPLAY 

000.00 

14 

KEEP 

000.00 

0 

END SEARCH 

000-98 

1 

SELECT 

000.31 

7 

TYPE 

000.00 

0 

ERROR 

000,00 

3 

DISPLAY SET 

000,00 

12 

MESSAGE 

000.00 

0 

items printed 


31 
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TIR£ IS 049. 

.48 MiW. 
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regional planning activity have been repucsted by 
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Conference i^^onscred by the 2iC.inlne Technology Sedoty 
ana Institute of Electruca; a«^<i Etectronscs Engineers. 
Washington, D.C.* Marine Techr<j|ogy Society, New YcrW% 
Institute of Electrical and Electronics Eng uneers, 
Inc.. 1978. 766 p iFor indlvuludi 1tei«^ seo A79-27377 
to A 79- 27394 1 

MAUS: /*CC^FER£NC£S/*MARINE ENVlRO».L'^NT5/*OCEAM5GRArHlC 
parameters/ * 0FFSHCRE ENERGY SOURCES 
MINS: / ACOUSTIC rCASUREMEKTS/ BUOYS/ COASTAL WATER/ 

FISHERIES/ UW C i^URIS^^RCBEl^CE 1/ MINING/ OCEAN BOTTOM/ 
REt'CTE SENSORS/ WATER rANAGEMfHT/ WATER POilCTlOH 
ABA: G.R. 

ASS: Tep&cs related to buoy teennofegy a*^e consicH;»’<Hl a Song 

accustlc ocean *sc»ences, u:fedcrwatc^ wcr»t 

systems and procedures, cco topics arp !35a*^a^;*^ent Cl 
ccastal reg lot's . Inst m .it Son . f * sher ses . ur'^^anoeO 
ursderwater vehicles, law and policy, electroeccran-cal 
cables/connectors and the»r ccsrpcTvents. acoutvisc 
SGurces and sonars, the large scale develeponx^'^t 
ocean energy resources, remote sensing frorn *ateiu*tcs 
3rd aircraft, |nsti tut icnal aspects of ccoan 
developTrent . satenite radio!?:^:*tric and 
senstnn, aa*^lne pollut^-cn analyses and «mni t.c5»ir^. and 
navigation. At tent I cr also given to se<5 f 

eng sneering, mfermat -cr and <tata systems. 
and tratntitg fpr ocean ^nvclvomefit , novel ^ for 

extracting energy fre-r the ct«^an . d^cp-sea r^ttisreg, 
wave direction r€3Sv.re"^ert technalogy, ar.d preb^cs^s 
ccrce^'nrg the f o* cceen dcvelcp’r.'.rr^ 

7eAl3SC6^ ZSSJE 5 FACLE 454 CATEGCPY 4B RPT#- 
AZmA 7jr - 1 G PACcS 

L^CtASSI!l■3Eti 

UfTi: Appl scatters of SecFat to t^e offsrnre c''S, gas ard 
T. ? r ’s ng i ndu t t cs 

A frti:PAC, A Cj,, 0, A. rAi* 

1 s i *c 5 a * o Col or.t * , c r ^ o ^ 

_ u:3tte2 lO 

in, *e err' .. r s t«i.' tCw,h.ro- c^v 

. Ncrib 1,“' -.:■■■ ^ a5 

•r^Heat w*-* :f lea-- ; 'criet 

. A“"C'" -Car l-st ’■ c* :cs 

Astrerps.^ r 
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ABA: 

ABS: The NASA satellite Seasat*A (to be launched In 1978) 

has applications to the offshore oil. gas, and mining 
Industries including: (1) improvements in weather and 
wave forecasting. ( 2 ) studies of past wind and wave 
statistics for planning design requirements, and ( 3 ) 
monitcrlng ice formation, breal^up. and movement In 
arctic regions. The primary geographic areas which 
will be monitored by Seasat^A Include: the Beaufort 
Sea, the Labrador Sea, the Gulf of Mexico, the U.S. 
east coast. West Africa, Equatorial East Pacific, the 
Gulf of Alaska, and the North Sea. Seasat-A 
instrumentation used in ocean monitoring consists of a 
radar altimeter, a radar scat terome ter , a synthetic 
aperture radar, a microwave radiometer, and a visible 
and infrared radiometer. The future outlooK of the 
Seasat program is planned in three phases: measurement 
feasibi nty demonstration (1978-1980). data 
accessibility/utility demonstration (1980-1983), and 
ope national system demonstrat ion (1983-1985). 


78A 13665# ISSUE 3 PAGE 454 CATECORY 48 RPT#: 
AIAA 77-1581 77/00/00 4 PAGES UNCLASSIFIED 

DOCUMENT 

UTIL: Ocean mining requirements satellite support 

AUTH: A/LIVESAY, B. d.: B/STEEN, A.: C/DEMOTT. R. L. 

PA A; C/(Kennecott Exploration, Inc., San Diego, 

Calif.) 

In: Satellite applications to marine technology: 
Conference. New Orleans, La., Noverrtber 15-17, 1977, 
Collection of Technical Papers, (A78- 13651 03-48) New 
York, American Institute of Aeronautics and 
Astronautics. Inc.. 1977, p. 145-148, 

MAdS: /*MARINE RES0URCE5/*MIN£RAL DEP0SITS/*MlNING/+ 
SATELLITE OBSERVATION 

MINS: / COMMUNICATION SATELLITES/ MARINE TECHNOLOGY/ 

NAVIGATION SATELLITES/ OCEAN BOTTOM/ REMOTE SENSORS/ 
WEATHER 
ABA: S.C.S. 

ABS: Deep ocean mining is discussed in terms of procedures 

to determine potential mine site locations, deep ocean 
mining equipment, nodule and plow- type collectors, 
lift systems, and port and processing facilities. 
Satellite support of deep ocean mining projects is 
presented, noting that such support may be developed 
in three areas: navigation, weather observations and 
predictions, and communication. The Integration of 
satellite technology and deep ocean rninlng may have 
significant applications to global supplies of mineral 
resources. 


78A12827 ISSUE 2 PAGE 266 CATEGORY 48 76/OD/OO 
762 PAGES UNCLASSIFIED OOCUMEN? 

UTTL: Oceans ^7S; Proceedings of the Second Annual ConM:>lned 
Conference. Washington, D.C. , September 13-15. 197S 
SAP: $34 

Conference sponsored by the Marine Technology Society 
and Institute of Electrical aiKI Electronics Engineers - 
New York, Institute of Elec"* leal and Eiectrcnics 
Ergineers. Inc.; Washington, Marine Technology 

Society, 1976. 762 p (For Individual items see 
A78- 12828 to A78- 12846) 

MAdS; /*C 0 r 4 FER£NCES/-MARIKE RESDURCI 5/*MARlN£ TECKNOtOGV/* 
oceanography/ - RESOURCE S M£ NAGtMENT 

MINS: / BUOYS/ CONTINENTAL SHELVES/ ECONC-MIC FACTORS/ 

FISHERiES/ INTERNATIONAL LAW/ MAPPING/ MINING/ OCEAN 
BOTTOM/ REMOTE SENSORS/ SEASAT- A SATELLITE/ SUBAIARINE 
CABLES/ surface NAVIGATION/ UNDERWATER ACOUSTICS/ 
underwater VEHICLES/ WATER QUALITY 

ABA: B.d 

ABS: Attention is given to sea law, r^arine mining, unaersea 

cables, sea navigation, the economic potent ial o» the 
oceans, marine information transfer and educaticit* 
deep water mapping, and water quality and pollution 
control. Considerat !on is also given to the 
appl icatlons of the Seasat A satellite, marine biology 
and fisheries, buoys, remote Sensing of the sea. ocean 
acoustics. ^ study of the outer continental shelf, 
oceanographic Instrumenta t Ion, offshore facilities, 
unde^^sea vehicles, salvage, and coastal 20 no 
management , 


77A27841# ISSUE t1 PAGE 1^7 CATEGORY 43 KPT#: 
ASP 77-139 77 /CO/CO 12 PAGES UNCLASSIFIED 
DOCUMENT 

UTTL: Application of remote sensing for evaluating groana 
stability in nimng operations 

AUTH: A/rINKCNbERGer R. k. Paa: A/iM^rJng Enforcement and 
Safety Ad*?^mi strat ion. Denver, Colo*) 

In: American Society of Photogramcretry, Annual 
Meeting. 43rd, Washington. O.C., February 27-M3rch 5, 
1977. Proceedsngs- (A77-27826 It -431 Falls Church. 

Va., Americon Society of Photcqr.-jrnotrv , 1977. p 
335-346. 

MAdS: /*DY?%AMIC EARTH CRUST/- INDUSTRIAL SAFETY/* 

MINlNG/^PHOroiNTERPRE’^AiiCN *h£V0I£ SENSORS 

^IINS; / GROUND TRUTH/ IMAGThG TECHM0UES/ MINERAL 
EJSPLCRATICN/ f^XNES (EXCAVATIONS)/ SAFETY 
SURFACE STABILITY 

ABA. S.D. 

ABS: The object ives of the Enfc^'cecicnt and Safet-;? 

Adr:!inistrat ion related to sdertif of 

hazardous ground areas cy rehcte sensirg techniques 
advance of ntning are discussed. Observat *c3:s riade cn 
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features associated urith ground instability in 
previous related work are reviewed. Particular 
attention is given to Imagery used for evaluations, 
analysis of imagery, and some observations made 
through Image analysis for general and specific mines. 
The techniques being developed by MESA are so directed 
that they can be readily applied In the analysis of 
many mining areas, using remote sensing techniques to 
recognize ground discontinuities prior to the mining 
activity and to monitor them during the mining 
ac tl vi ty . 


75A40615* ISSUE 20 PAGE 2995 CATEGORY 43 
75/00/00 6 PAGES UNCLASSIFIED DOCUMENT 

UTTL: Development of remote sensing techniques for 

assessment of hydrologic conditions in coal mining 
regions of Appalachia 

AUTH: A/POPE, C. D. : 8/HIGER. A. t. ; C/COKER, A. E. PAA; 

A/(NASA. Earth Resources Office. Kennedy Space Center, 
Fla.}; B/fU.S. Geological Survey, Water Resources 
Oiv., Miami, Fla.); C/(U.S. Geological Survey, Water 
Resources Oiv., Tampa, Fla.) 

In: Technology today for tomorrow; Proceedings of the 
T^*e1fth Space Congress. Cocoa Beach, Fla-, April 9 *-11, 
1975. (A75-40601 20-12) Cocoa Beach . Fla-, Canaveral 
Council of Technical Societies, 1975. p. 5-5 to 5-10. 

MAUS: /*GR0UND WATER/^HYDROLOGY/^REMOTE SENSORS/^TENN'ESSEE/* 
water RESOURCES 

MINS: / data ACQUlSITiON/ DATA PROCESSING/ GROUND TRUTH/ 
LANDSAT SATELLITES/ MINING/ MULTlSPECTRAl BAND 
SCANNERS/ PHOTCGRAPHIC RECORDING/ WATER RUNOFF 

ABA: (Author) 

ABS: In December of 1974 the John F. Kennedy Space Center, 

NASA, and the Water Resources Division, United States 
Geological Survey (USGS). acquired photographic, 
thermal, and mul t i spectral data over the Cumberland 
region of eastern Tennessee. This data was effectively 
used to delineate ground water sources, and surface 
water runoff into river systems in the Cumoer lands. 

The data, coupled with an overview of the area from 
the Earth Resources Technology Satellite (ERTS), could 
be useful in determining hydrologic conditions in coal 
mining regions of the Appalachians. 


75A36809 ISSUE 17 PAGE 2558 CATEGORY 43 
75/00/00 10 PAGES UNCLASSIFIED DOCUMENT 

UTTL: Remote sensing appl led to mine subsidence - Experience 
In Pennsylvania and the Midwest 
AUTH: A/LESHENDOK, T. V.; B/ AMATO, R- V.; C/RUSSELL. O, R, 
PAA: C/(Earth Satellite Corp., Washington, O.C,} 

In: American Society of Photogrammetry , Annual 
Meeting, 4lst, Washington^ D.C, , March 9-14, 1975, 


Proceedings (A7S-36801 17-43) Falls Church, 

American Society ^>f Photograrnmetry , 1975, p, 298-307, 

MAJS: /'ENVIRONMENTAL MON I TORINO/ -Mi NING/* REMO IE SENSORS/* 

subsidence 

MINS: / AERIAL PHOTOGRAPHY/ COAL/ INDUSTRIAL SAFETY/ LANDSAT 
1/ SIDE- looking radar 

ABA: S.D. 

AES: Results of Investigations are presented concerning the 

analysis of small- and large-scale color, color 
infrared, ar*d black -ar.d^wh I te aerial photographs, as 
well as ERTS-t, side looking airborne radar, and 
mul tl spectral imagery in order to detect mine 
subsidence and to correlate geological features with 
subsidence occurrence. Three types of surface 
expressions of mine subsidence are recognized: 
regional or areal subsidence; snvill, discrete 
subsidences called photcholes, and linear subs i done# . 
It 1 3 Shown that analysis of aerial nemo to Sensing 
data makes It possible to Identify Surface subsidence 
features in hardly detectable areas, to detrrmlne 
linear geol'^ical features related to past or future 
subsidence occurrence, to establish relationships 
between subsidence and underground mine patterns, and 
to identify subsidence-prone oreas for regional and 
local planning. 


74434005 ISSUE 16 PAGE 2284 CATEGORY 54 
73/GO/OO 6 pages UNCLASSIFIED DOCUMENT 
UTTL: The development of ground truth for correlation with 
remotely sensed data 

AUTH: A/TRANTER, W. H.: B/SAI4DV05, J. L,: C/JHnNETT, J, €• 

; D/BOLTER, E. PAA; D/<Mlssour1, Universiity, Rolla* 
Mo. ) 

In: National Electronics Conference, 29th, Chicago, 
III.. October S-lO. 1973, Proceedings. Volume 28, 
1A74-33990 16-09) Oak Brook, UK, National 
Electronics Conference, Inc., 1973, p. 151-156. 

MAJS: /’"DATA CORRELATION/ "ENVIRONMENT POLLUTION/" GROUND 
TRUTH/- MINiriG/"HETOTE SENSORS/- VEGETATION 
MINS: / ALGORITHMS/ ENVIRONMENTAL MONITORING/ MATRICES 
(MATHEMATICS)/ SOILS 
ABA: J.K.K. 

ABS: The environniental impact of the current large-scale 

lead mining operations m southeastern Missouri is 
being studied on the basis of Information about 
vegetation destruction patterns obtained by remote 
sensing with spectral techniques and ground truth datB 
collected by soil analysis teams. To correlate the two 
sets of data, investigators used computer- genera led 
two-d»mensi^x^al data displays derived from a grcund 
matriv of the area. The resulting forniat allows cuick 
and accurate comparlscn of ground treuth data with data 
ct>t aired from remote sensing devices. 
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73A3733S* ISSUE 19 PAGE 2417 CATEGORY 11 
73/00/00 10 PAGES UUCLASSIFiED DOCUMENT 

UTTL: A survey study of teleoperators, robotics, and remote 
systems technology. 

AUTH: A/ ALEXANDER. A. D., Ill PAA: A/ (NASA, Advanced 

Concepts and Missions Div., Moffett Field. Calif.) 

In: Remotely manned systems: Exploration and operation 
In space; Prcceedings of the First National 
Conference, Pasadena, Calif., Septerriber 13-15, 1972. 
(A73-37301 19-111 Pasadena. Calif., California 
Institute of Tecnnology. 1973. p. 449-458. 

MAUS: /♦REMOTE HANDLING/- REMOTE SENS0RS/^R0B0TS/*TECHN0L0GY 
] ASSESSMENT/^! E LEOPERATQRS 

MINS: / ACTUATORS/ EARTH RESOURCES PROGRAM/ MEDICAL 
EQUIPMENT/ MINING/ OCEANOGRAPHY/ RESEARCH AND 
DEVELOPMENT/ TECHNOLOGY UTILIZATION 
ABA: M.V.E. 

ABS: Survey of the current status and major RSD needs of 

remote systems technology In the medical, mining, and 
oceanographic areas of application. The review is 
limited to the most Important teleoperator/robotlc 
subsystems, including actuators, sensors, control and 
communication devices. 


78N72803# CATEGORY 45 RPT^: PB-274051/2 BM-Rl-8253 
77/00/00 20 pages UNCLASSIFIED DOCUMENT 

UTTL: Remote monitoring of air quality in underground mines 
AUTH: A/SCOTT, L. W. 

CORP: Bureau of Mines. Pittsburgh. Pa. CSS: (Mining and 
Safety Research Center.) AVAIL. NTIS 
MAJS: /♦AIR OUALITY/'COAL/*MINING/*POLLUTION MONITORING/^ 
REMOTE SENSORS 

MINS: / CARBON MONOXIDE/ GAS DETECTORS/ INDUSTRIAL SAFETY/ 
METHANE/ NITROGE:^ DIOXIDE 


77N04871 CATEGORY 36 RPT^: BM-RI-8220 77/00/00 

16 PAGES UNCLASSIFIED DOCUMENT 
UTTL: Remote transducer baseo on coherent mixing of 
backseat tered laser 1 ight 
AUTH: A/8RUCE, R, A. 

CORP: Bureau of Mines, Washington. D. C. AVAIL. NTIS 
MAUS: /♦LASER APP LlCATrONS/-MINlNG/nRANSDUCERS/* VIBRATION 
METERS 

MINS: / MINES/ MINES (EXCAVATIONS)/ REMOTE SENSORS 


74N77290# CAIEGORY 99 RPTY: PB-224263/4GA 
BM-0FR-62(8)-73 CNTY: DI - BM-HO- I t 1 1 94 72/10/00 59 

PAGES UNCLASSIFIED DOCUMENT 
UTTL: Feasibility of remote control and development of 

remote control devices and sensors. 8: Feasibility 

study of remote/automatic controls for continuous 
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miners TlSP* Final Report 

CORP: Bendix Research Labs., Southfield. Mich. AVAlt.NTIS 
MAUS: /^automatic CONTROL/* COAL/ -MlHlNG/^REfJlOTE CONTROL/* 
REMOTE SENSORS 

MINS: / CLOSED CIRCUIT TELEVlSiGN/ COST ANALYSIS/ 

FEASIBILITY ANALYSIS 


74N77289# CATEGORY 99 RPT#; PB-224259/2GA 
BUMlNES-0FR-62(4 ) -73 CNT^: DI -Bfi«-H0- 1 1 1 194 
72/07/00 106 PAGES UNCLASSIFIED DOCUMENT 

UTTL: Feasibility of remote control and development pf 

remote control devices and sensors. 4: Continuous 

mining machine seam interface sensors TLSP; Final 
Report, Uun. 1S71 - May 1972 
AUTH: A/STEINBERG. R. F.; B/IOANNOU, U. T. ; 

c/barkhoudarian, s. 

CORP: Bendix Research Labs., Southfield, Mich. AVAIL.NTIS 
MAUS: /*AC0USTIC MEASUREMENTS/ *COAL/"MINING/*REMOTE CONTROL 
/^REMOTE SENSORS 


74N77181# CATEGORY 99 RPT^^: PB-224256/3GA 
BUMI NES - OF R-621 1 ) -73 CNT<» : DI -BM-HO- 1 1 1 194 

73/03/G0 68 PAGES UNCLASSIFIED DOCUMENT 

UTTL: Feasibility of remote control and development of 

remote control devices and sarnsors. 1: Shuitlc car 

sensor system. Introduction anq text TLSp; Final 
Report, uun. 1971 - Feb. 1973 
AUTH: A/FOWLER. R. t.; B/ROBIN. G. I,: C/TROLL, w. C. 

CORP: Bendix Research Labs.. Southfield. Mich- AVAIL. NTIS 
MAUS: /^MINING/* remote CONTROL/ -RE M<JTE SENSORS 
fVIINS: / COAL/ FEASIBILITY/ GUIDANCE SENSORS/ INFpAREO tASERS 
/ OPTICAL radar/ performance PREDICTIx,N 


ISSUE 19 PAGE 2565 CAIEGORY 46 
•158820 UPL-PUB-79-53 CNT^: NAS7-100 
79/07/GT 1V5 PAGES “DNCLAbSiMLb OOCUKENT 

UTTL: Biblioqrapny of geologic studies us»ng Imaging radar s 
AUTH: A/BRYAN. M. L. 

CORP: Uet Frcpulsion Lab.. Calif. Inst, cf Tech-, Pasadena. 

A VAIL. NT IS SAP: HC A06/MF AOl 

Prepared for doE Presented at KASA/UPL Radar Geology 
WorksncD, SJiovimass. Colorado, 16-20 Uul . 1979 
MAUS: /'AERIAL PH JTOGRAPHY/ ’ EARTH RESCUPCES/^GEOLOGY/* 
MINERALOGY/^RADAR IMAGERY/ -REMOTE SENSORS 
MINS: / AGRICULTUriE/ DATA ACQUjSITiOn/ GECMCRPHOlOGY/ MINING 
/ TOPOGRAPHY 
ABA: M.M.M. 

ABS: Articles concerning imaging studies c.n the 

geo?^;crphGloQy, mirteraiegy, end tepotegy cf various 
landforms are reoorted. One hundred and ninety 
citations are listed and an index by Nat'^cnal 


(79N28825-#> 
RPT^: NASA-C 
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ORIGIMAL PAGE IS 

OF POOR QUALITV 


Technical Information service citation nuntoer is 
Included. Several Illustrations of L*toand radar 
Imagery are presented. 


) 


79N24417+# ISSUE 15 PAGE 1996 CATEGORY 43 
l?PT#: NASA-CR-161225 WJff: NAS8-32538 79/00/00 67 

PAGES UNCLASSIFIED DOCUMENT 

UTTL: Development of sensitized pick coal Interface detector 
system TLSP: Final Report 
AUTH: A/BUPCHILL. R. F. 

CORP: Shaker Research Corp. , Ballston Lake, N. Y. 

AVAIL. NTIS SAP: HCA04/MF A01 
MAJS: /♦C0AL/*DETECTI0N/* INDICATING INSTRUMENTS/^MINING 
MINS: / DATA SYSTEMS/ EQUIPMENT SPECIFICATIONS/ REMOTE 
SENSORS/ SHOCK SPECTRA/ TELEMETRY 
ABA: G.Y. 

ABS: One approach for detection of the coal interface is 

measurement of the pick cutting hoads and shock 
through the use of pick strain gage load cells and 
accelerometers. The cutting drum of a long wall mining 
machine contains a number of cutting picks. In order 
to measure pick loads and shocks, one pick was 
Instrumented and telementry used to transmit the 
signals from the drum to an Instrument- type tape 
recorder. A data system using FM telemetry was 
designed to transfer cutting bit load and shock 
Information from the drum of a longwall shearer coal 
mining machine to a chassis mounted data recorder. 


79Nl537e« ISSUE 6 PAGE 739 CATEGORY 43 RPT#: 
PB* 286223/3 NAT0/CCMS-V8 78/03/00 343 PAGES In 

ENGLISH and FRENCH UNCLASSIFIED DOCUMENT 
UTTL: Remote sensing for the control of marine pollution. 

Preliminary inventory of available technologies 
AUTH: A/MASSIN. d. M. PAT: A/ed. 

CORP: NATO Committee on the Challenges of Modern Society, 

Brussels (Belgium). AVAIL -NTIS SAP: HC At5/MF A01 

MAdS: /^MARINE ENVI R0NMENTS/*0I L POLLUTION/^POLLUTION 
CONTROL/^REMOTE SENSORS 

MINS: / COASTAL WATER/ HYDROCARBONS/ INDUSTRIAL WASTES/ 
INVENTORIES/ MANUALS/ MINING/ OIL EXPLORATION/ 
OPERATIONS RESEARCH/ PELAGIC ZONE/ SEA WAFER/ URBAN 
DEVELOPMENT/ WATER POLLUTION 
ABA: GRA 

ABS: Damage to the ma^'ine environment due to oil spills at 

sea are considered to be one of the main sources of 
pelagic pollution, at the present time, it is 
estimated that more than six million tons of 
hydrocarbons enter the narlne environment as a result 
of shipping and certain coastal, industrial and urban 
activities, riveroorne pollution, oil prospecting and 
mining at sea and, finally, natural seepage from 


certain ses bottoms. The rapid development of 
techniques and the multiplicity of studies and 
research undertaken, particularly with a view to 
developing Integrated remote detection systems to mest 
the overall requirements of users. H was found 
desirable to take stock of present knowledge in thin 
field (excluding satellites for the time being) so 
that the lines to be followed In the mentioned areas 
can be determined and assessed. 


79N13474^^ ISSUE 4 PAGE 474 CATEGORY 43 RPT#: 
NASA -CR- 157970 UPL- PUB-78-82 FE-9036-3 CHT^z 
NAS7-100 Et-76-01-9036 78/09/00 38 PAGES 

UNCLASSIFIED DOCUMENT 

UTTL; A synoptic description of coal basins via Image 
processing TLSP: Interim Technical Report 

AUTH; A/FARRELL. K. W- . UR.: B/WHERrY, D. B. 

CORP: Uet Propulsion Labv , Calif. Inst, of Tech*. Pasadena. 
AVAIL. NTIS SAP: HC A03/MF A0i 

MAUS: /-COAL/^EARTH RESOURCES/* ENERGY P0LICY/»GE0LC>G1CAL 
SURVEYS/* I MAGE PROCESSING 

MINS: / ENERGY SOURCES/ GEOMORPHOLOGy/ MINING/ PhOTOMAPPING/ 
REMOTE SE?^’S0R5 

A3A: Author 

A3S: An existing image processing System Is adapted to 

describe the geologic allributes of a regional coal 
basin. This scheme handles a map as If It were a 
matrix, in contrast to more conventional appi caches 
which represent map information in terras of linked 
polygons. The utility of the image processing approach 
is demonstrated by a mul Hat tribute analysis ol the 
Herrin No. 6 coal seam in Illinois. Findings Include 
the location of a esourco and estimation of tonnage 
corresponding to constraints on seam thickness, 
overburden, and Btu value, which are illustrative of 
the need for new mining technology. 


78N13622# ISSUE 4 PACE 507 CAlEGORY 44 RPT#; 
PB-271952/4 N5F/RA-770173 CNT#: NSF AER-76-80802 
77/03/CO 314 PAGES UNCLASSIFIED DOCUMENT 

UTTL: Geophysics Applied to Detection and Delineation of 

Non- energy Non- renewable Resources: Workshop on Mining 
Geophysics 

AUTH: A/WARD. S. H, ; B/CAMPBELL. R.; C/CORBEIT, J, D. ; 
D/HOHMANN, G, W. : E/MOSS. C. K.; F/WRIOHt, P, M. 

PAA: B/ruS Steel Corp. . Pittsburgn): C/CCtttes Serv. 

Minerals Corp.); D/iKennecott Exploration, Inc.i: 
E/(A5ARC0. Inc.): F/(Bear Creek Mining Co, ♦ 

CORP: Utah Univ.. Salt Lake City. AVAIL, NTIS SAP: HC 
AT4/MF AOt 

Workshop held at Salt take City, 6*6 Dec. 1976 
MAUS; /♦CONFERENCES/^ EARTH RESOURCES/^GEOPHYSICS/^MINlNG 
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MINS: / AERIAL RECONNAISSANCE/ EXPLORATION/ GRAVITY 
I anomalies/ MINERALS/ REMOTE SENSORS 

i ABA: GRA 

f; ABS: The needs foi’ research In mining geophysics related to 

nonenergy, nonrencwabie resources were explored* 
j Participants Included mining geophysicists who were 

n concerned with exploration of base metals. State of 

I; the art reports were presented in the aneas of induced 

If polar 1 2 a t ion. resistivity, and self -potential methods; 

[i electromagnetic methods; remote sensing methods: 

nuclear methods, and case histories, A list of high 
priority research items was compiled. 


77N26586*# ISSUE 17 PAGE 2280 CATEGORY 43 
RPT#: NASA-CR- 153279 SAPR-7 CNT#: NGL-25-001 -054 
77/05/01 149 PAGES UNCLASSIFIED DOCUMENT 

UTTL: Application of renote sensing to state and regional 
prc-qrams TLSP: Semiannual Progress Report, 1 Nov* 
1976 - 30 Apr* 1977 

AUTH: A/MILLER. W, F. ; B/CARTER, B, D. ; C/PEirRY, 0. E. ; 
0/HIGGS, G- K, 

CORP: Mississippi State Univ. , Mississippi State. 

AVAiL.NTJS SAP: HC A07/MF A01 
MAJS; /*EDUCATI0N/‘ REMOTE SENSORS/-^ TECHNOLOGY TRANSFER 
MINS: / FORESTS/ LAND USE/ MINING/ REGIONAL PLANNING 
ABA: Author 

ABS: The problem Includes data acquisition and 

transformation to products acceptaole to the users. 
Optimized Institutionalization of data management, 
product transfer, and education of the user community 
are also of major concern. With respect to the 
lattice, various structures were suggested and the 
fields of application are presented. 


(^6N17491* J ISSUE 8 PAGE 993 CATEGORY 43 RPT/f: 
E^ ""7 b/ 06/00 19 PAGES UNCLASSIFIED DOCUMENT 

UTTL; Application of EREP, LANDSAl. and aircraft Image data 
to environmental problems related to coal mining 
AUTH: A/AMAtO, R, V,; B/RUSSELL, 0. R.; C/MARTIN, K. R, ; 
D/WIEH. C. E. PflA: D/( Indiana Geol, Survey, 
Bloomington) 

CORP: Earth Satellite Ccrp. . Washington. D. C* 

In NASA. Lyndon B. Johnson Space Center, NASA Earth 
Resources Survey Synip. Vol. 1 -A: Agr. , Environment 

p 309-327 (SEE N76- 17469 08-43) 

MAJS: /♦AERIAL PHOTOGRAPHY/^COAL/^EARTH RESOURCES PROGRAM/* 
environmental MONITORING/* I LL1N0I5/-JNDIANA/*KENTUCKY 
/*MIN 1 NG/‘^OHIO/»P£NNSYLVANIA/*SKYLAB PR0GRAM/*W£ST 
VIRGINIA 

MINS: / COLOR PHOTOGRAPHY/ INFRARED PHOTOGRAPHY/ 

MULTISPECTRAL BAND SCANNERS/ MILTISPECTRAL PHOTOGRAPHY 
/ REMOTE SENSORS 
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A 8 A; Author 

ABS: Remote sensing techn roues we^e used to study coal 

mining sites within the Interior Coal 60 s in 

(Indiana, lUinois. and western Kontucky), the 
Appalachian Coal Basin (Ohio, West Yirglnia, and 
Pennsylvania) and the anthracite coal basins of 
no.^^theastcrn Pennsylvania. Remote sensor data 
evaluated ciuptng these studies were acquired by 
LANDSAT. SKytab and both high and low altitude 
aircraft. Airborne sensors ir'ciuded mui t isp*jctra* 
scanners, multi band cameras and standard mapping 
cameras |oa*'led with panchromatic, color anp color 
Infrared films. The research conducted in these areas 
Is a useful prerequisite to the development of an 
operational monitoring system thrt can be poritilcally 
employed to supply state and federal regulatory 
agencies with supportive data. Further research- 
newever, must be undertaken to systematically examine 
those mining processes and features that Can be 
monitored cost effectively using remote sensors and 
for determining what combination of sensors and ground 
sampling processes provide the optimum corrupt nation for 
an operational system. 


76N1l552i» ISSUE 2 PACE 204 CATEGORY 43 RPTir: 
P8-242468/7 ARC-73 - 1 1 I -2554 75/04/00 246 PAGES 

UNCLASSIFIED DOCUMENT 

UTTL: Use of photo interpretation and geological data m the 
Identification of surface damage and subslcenco 
TLSP: Final Report, Nov. 1973 - Apr. 1975 
CORP: Pennsylvania Dept, of Environmental Resources, 

Harrisburg.. Earth Satellite Corp., Washington, D. C, 
CSS: (Dept, of Environmental Resources.) AVAIL. NTIS 
SAP; HC 58.fX> 

Prepared in cooperation with Earth Satellite Corp , 
Wi»shinQlon. D. C. 

MAJS: /»C0AL/-MlNiNG/-PH0T0MAPPING/*REfr'0TE SENSORS 
MINS: / CRUSTAL FRACTURES/ EARTH RESOURCES/ FHOTOGEOLCKSY/ 
PHOTO INTERPRETATION 
ABA; GRA 

ABS: Multi -sensor, multi-level remote sensing was examined 

for utility in detecting and delineating the surface 
expression of mine subsidence in the nerthorn 
anthracite coa! field oi Pennsyl vania. The reject Ives 
were to determine areas of potential subsider.ee so 
they can be considered in future planning and zoning 
processes. In this evaluation a variety of data were 
examined including ERTS imagery. SLAR Imagery, color 
and color f?»frared photography cf a number of scales, 
panchromat Jc photography acquired during the last 30 
years, and spoctro radiometric and thermal infrared 
scanner data. Maps were prepared showing guoacgical 
lineaments and areas of mine subsidence were produced. 
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V4N28919# ISSUE 10 PAGE 2172 CATEGORY 13 RPT#: 
PB- 228689/6 BM-Rl-7869 74/01/00 35 PAGES 

UNCLASSIFIED DOCUMENT 

UTTL: Geoloolc structure analysis using radar imagery of the 
coal nlnlng area of Buchanan County, Va. 

AUTH: A/ELDER, C. H,: B/dERAN. P. W. ; C/KECK. D. A, 

CORP: Bureau of Mines, PI ttsburgh. Pa. CSS: (Pittsburgh 
Mining and Safety Research Center.) AVAIL.NT1S 
SAP: HC $3.25 

/♦C0AL/*GE0L0GICAL SURVEYS/^RADAR IMAGERY/* 

SIDE- LOOKING RADAR 

MINS: / GEOLOGICAL FAULTS/ MINING/ REMOTE SENSORS/ VIRGINIA 

ABA: GRA 

ABS: An analysis of the geologic structure of an area of 

Buchanan County, Va, , was made by the Bureau of Mines 
using Imagery from an airborne AN/AiO-97 side- looking 
radar system to evaluate that mapping technique for 
delineating structural features which may cause mining 
problems. Side- looKI ng radar (SLAR) was found to be a 
useful remote sensing tool for geologic structural 
analysis. Fault and joint systems identified oy 
lineaments and linear patterns In the imagery were 
verified by surface and In-mine observations. SLAR 
Imagery accurately delineated structural features that 
are'known to affect gas migration and accumulation and 
that weakened the rock forming the immediate roof to 
mine workings, causing mining problems. (Modified 
author abstract) 
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MILS LITERATURE SEARCH 


Title 


DETECTION OF MINES 3Y 
REMOTE SENSORS 
Date/File 16oct79/6 
Searcher H WYNNE 

Requestor MARVIN RADER 
Address STORED 

User 4948 Date:i6oct79 Time: 9:43:58 File: 6 

Set Items Oescriotion 

1 E4 REf.;OTE.(W)SENSOR 

2 1318 RE.MOrH{W)SENSOaS 

3 3649 REf*.OTE(W)SENSING 

4 2203 MINE 

5 4690 MINES 

6 449? MINING 

7 4247 FIND? 

8 2874 LOCAI? 

9 5436 IDENTI? 

10 563 SF'Or? 

11 2874 LOCAT? 

12 2140 SURVEILLANCE 

13 14834 7-12/+ 

14 3 13t (1+2+3)* (4+5+6) 

15 21186 DETECT? 

16 31 14+l5*(1+2+3)*(4+5+6) 

17 12514 DETECTION 

13 452 DETECTING 

19 21 (17-r18)+(1+2+3)*(4+5+6)+14 

20 2 SATELLITc(W)V.ONITORING 

21 0SK'-.;LAB 

22 0 (20+21 )*(17+18J«(5+4+6) 

23 288 TOR 

24 288 TO? 

Print 19/2/1-21 

Search Time: 0.580 Prints: 21 Descs.: 24 
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N79-24417/4ST NTIS Prices: PC A04/MF A01 

Development of Sensitized Pick Coal Interface Detector System 

Shaker Research Corp, , BalVston Lake, NY. 

AUTHOR: Burchin, R. f. 

Final Report. 

F1763U1 Fid: 81, 48A STAR1715 
1979 67P 

Rept No: NASA-CR-1 61225 
Contract: NAS8^3253S 
Monitor: 18 

Descriptors: *Coal , ^Indicating instruments, ^Mining, 

Detection, Data systems. Equipment specifications. Remote 
sensors. Shock spectra. Telemetry 

Identifiers: ^Mining equipment, NTISNASA 


E79--10095 i4TIS Prices^ PC A04/MF A01 

Applying NASA Remote Sensing Data to Geologically Related 
Regional Planning Problems in Tennessee 

Tennessee Univ. Space Inst., Tullahcna. Remote Sensing 
Di V. ’♦^Nat ional Aeronautics and Space Administrat ion. 

Wash i ng t on , DC . 

Final rept . 

F0741I3 Flo: 8G, 938 d7910 

1978 70p 

Contract: NA59-32034 
Monitor: NAS 150866 

Workshop held at Tullshoma, Tennessee, 10-11 Mar 78. 

Water resources. Water ponution. Estuaries, Regional planning 
, Tennessee, Geology^ Crop ident i f ication. Agriculture, 
Diseases, infestation. Irrigation, Soils, Hydrology, Snow. 
Floods, Strip mining, ^Mssouri, Geological faults. Earth 
Resources program. Classifications, Meteorological satellites. 
Structural propert ieslGeology) , Mul tispectral band scanners 

Identi f vers: NTISNASA 


and Development Energy 

Administration, Washington, 
Washi ngton , D . C . ^Departmen t 


Research and Development 
O.C. •Department of the Interior, 
of Transportation, Washington, 


D.C. 

Final rept. 

E0803G4 Fid: 81, 10A, 18G. 48A#, 97G*, SOD, 77G GRAI7809 
Jan 78 80p* 

Rept No: NRC/AMPS/RM-78/1 
Monitor: 18 

Sponsored in part by Energy Research and Development, 
Washington, D.C., Department of the Interior, Washington, 
O.C., and Department of Transportat ion, Washington, D.C. 


Descriptors: * Energy source development , ■•Rock mechanics, 
^Research management. Geothermal exploration. Fracturing, 
Mining research. Geothermal systems. Exploration, Geophysical 
prospecting. Remote sensing, Radar detection. Seismic 
prospecting. Oil shale. Bituminous sands. Underground mining. 
Radioactive waste disposal , Fluid flow, Petroleum geology. 
Natural gas. Underground storage. Permafrost, Offshore 
dpi 1 ling, Underv/ater excavation. Tunnel ing(Excavat ion) 


Identifiers: In situ stresses, NTISNASNRC, NTISDE. NTISOIBM, 
NTISDIBR, NTISOOTUMT 
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PB-276 693/9ST NTIS Prices: PC A05/MF A01 

Limitations of Rock Mechanics in Energy-Resource Recovery and 
Devel opment 

National Committee for Rock Mechanics, Washington, D.C. Pane? 
on Rock Mechanics Problems That Limit Energy Resource Recovery 


dialog Files: (Item 
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PB-275 008/1ST NTIS Prices: PC A99/MF AOt 

Methods and Standards for Envi rcnrental Measurenient - 

Proceed ings of the Materials Research Symnosium (8th) Held at 
the National Bureau of Standards, Gai thersburg, Maryland on 
September 20*-24, 1976 

National Bureau of Standards, Washington, D.C, Inst, for 
Materials Research, (401 937) 

AUTHOR: Kirchhoff, WilHam H. 

Final rcpt, 

E0422C4 Fid: 70, 68^^, 68A, 68D, 99A*, 86V GRAI7805 
Nov 77 653p^ 

Kept No: N35-SP-464 
Moni tor : IS 

Library of Congress Catalog Card no, LCCCN-76-606384. 

Descriptors: ♦Gas analysis, ♦Meetings, ^Vfater analysis. 

Exhaust emissions, Dopoler effect. Refuse, Aerc>ols, Che 'ilea: 
analysis. Standards, Performance evaluation. Accuracy, Ozone, 
Fines, Nitrogen oxides, Caiibrating, Charcoal, Neutron 
activation analysis^ Trace elements. Atomic spectroscopy. 
Spectrophotometry , Organic compounds, Mass spectroscopy. 
Hydrocarbons^ Marine atmospheres. Carcinogens, Separation, 
Fluorescence, Actvvateci carbon. Polyurethane resins, 
Concontrat ionlComposit icn) , X ray analysis, Mines, Sediments, 
Solvei^t extraction, Mietals, Oils, Greases, Particle size 
di str ibution. Asbestos, Laboratory equipment, impacters, 
Mercury(Metal 1 , Sea water. Combustion products, calorimetry. 
Industrial wastes. Monitoring, Optical radar. Remote sensing. 
Sulfates, Fly ash. Diffusion, Raman spectroscopy, Gas 
chromatography. Electrochemistry , Arsenic, Lead(Metal), 

Regression anaVysis 

Identifiers: ♦Standard reference materials, ^v:ater pollution 

detection, *Air pollution detection, ion selective electrodes, 
Ben 2 o( a) pyrene , Heavy metals, EPA method 2, Procedures, Laser 
spectroscopy. Long path infrared spectroscopy , r lame less 
atom 1 c absorpt i on analysis. Air qua 1 i ty , NT iSCOMNBS 


PB-271 952/45T NTIS Prices: PC A14/MF AOt 

Geophysics Applied to Detection and Delineation of Non-Energy 
Non-Renewable Resources* V/orkshop on Mining Geophysics Hela at 
Salt Lake City, Utah on December 6-8, 1976 

Utah Univ., Salt Lake City. Dept, of Geology and 
Geophysics,* ♦Uni ted States Steel Corp., Washington, 
0-C, ♦♦Kennecott Exploration, Inc-* Salt Lake City, 
Utah. ♦♦American Smelting and Refining Co,, Salt Lake City, 
Utah, ♦National Science Foundation, Washington, D,C. Research 
Applied to National Needs, (409 745) 





2533 


AUTHOR: Ward, S, H.; Campbell. R.; Corbett, d. D.; Hohmann, G. 
W. ; Moss. C, K* 

D3633H1 Fid: 81, 48 A^ GRA17724 

Mar 77 314p* 

Grant: NSF-AER76-80802 
Monitors N5F/RA-770173 

Prepared in cooperation «ri th United States Steel Corp., 
Washington, D.C, , Kennecott Exploration, Inc., Salt Lake City, 
Utah, and American Smelting and Refining Co., Salt City, Utah. 

Descriptors: ♦Geophysical prospecting, ♦Mining geology, 

♦'Explorat ion, ♦Meetings, Resistivity exploration. Electrical 
prospecting. Electromagnetic prospecting. Gravity anomalies. 
Magnetic prospecting, Remote sensing. Neutron irradiation. 
Gamma ray spectroscopy , Ori 11 core analysis. Metal I i ferous 

mineral deposits, Radiometry, Aerial reconnaissance 

Identi fiers: NTISNSFRA 


PB-263 964/95T NTIS Prices: PC A03/MF A01 

Workshop on Nuclear Techniques for Environmental Trace Element 
Information Relative to Energy Prcduction and Consumption Held 
at Florida State University, Tallahassee, Florida on done 
23-26, 1974 

Florida State Univ., Tal lahassee. Dept, of Physics.* Nat tonal 
Science Foundaticn, Washington, O.C. Energy-Related General 
Research Office. (400 929) 

D19S2H3 Fid: 14B, 70, 68A, 68D, 99A GRAI77IC 
dun 74 48p 

Grant: NSF-GP-44333 
Mon i tor : N5F/EHG-75/08 

Descriptors: ♦.Meetings, » Trace elements, ♦Envt, nr^mental 

impacts, Marine atn>ospheres. Particles, Ccncentration(C<3t3pcsi- 
tion), Gils, Electric power plarts, X ray analysis, Keut^'on 
activation analysis. Coal mining, Ccal, Urban areas. Remote 
sensing, F Tuorescence, Shale oil. Combustion products, 
Chemical analy^isw. Separation, Forecasting, Air pollution. 
Traffic surveys, R'onitoring, Aerosols, Water pollution. Soil 
analysis. Gas analysis. Water analysis, Toxiscity^ Public 
heal th 

Identifiers: »Air piollution detection, 

detection, NTISNSF8R 


♦Water pollution 


dialog File6: (Item 
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FB --261 52G/8ST NTIS Prices: PC A06/MF AOl 

The Colorado School of Minos Nevada Gaothermai Study 

Colorado School of Mines, Golden. ♦National Science Foundation, 
Washington, D-G, Research Applied to National Needs* (098 
250) 

author: Grose, L. T.; Keller, G. V- 
Progress rept. no* 4, 1 Feb-3'1 Oct 75 
D1343C3 Fid: 81. 4SA, 97P GRAI7706 
1 Dec 75 M4p 
Gram NSF-GI-43e66 
Monitor: NSF/RA/N-75-327 

Descriptors: »Geo thermal prospecting, ♦Nevada, Topographic 

maos, Goochemistry , Electrical prospecting. Remote sensing, 
Infrared aetecticn. Water analysis. Petrology, Mineralogy, 
Volcanism, Tnermal properties. Seismic prospecting, Hualapai 
Flat 

Identifiers: NTISN5FRA 


PERC/RI-^7e/1 NT IS Prices: PC A02/MF AOl 

Detection of Point Sources of Air Pollution Using ERTS-1 Data 

Energy Research and Development Administration, Pittsburgh, 
Pa. Pittsburgh Energy Research Center. (9500865) 

AUTHOR: Browti, F. R,; Karn, F. S. ; Friedel, R. A. 

D0252K2 Fid: 13B, 68A GRAI7701 
Mar 76 19p 

Monitor: 18 

Descriptors: *A4r pollution, ^Industry, ^ftlining, ♦Plumes, 

Satellites, Coal, Monitoring, Pollution 

Identifiers: ERDA/500200, LANDSAT t satellite. Remote sensing. 
Industrial wastes. Point sources. NTISESDA 


Contract: H0232039 
Monitor: BuMines-OFR-73-76 

Descriptors: ^Monitors, ♦Coal dust. Coal mines. 

Concent rat i on(Conposi t ion ) , Design cr I ter i a. Performance 

evaluation. Portable equipment. Beta particles. Air pGlIution, 
Calibrating, Measuring instruments. Field tests. Sensitivity, 
Particles, Remote sensing 

Identifiers: *Air pollution detectipn, Indocr air pollution, 

NTISDI8M 


E76-10038 NTIS Prices! PC AOS/MF API ~ i^BSf 

Appl icaoi 1 i ty of Satellite Rewrote Sensing for Detection and 
Monitoring of Coal Strip Mining Activities 

Wolf Research and Development Cofp., PocomoHe, Md.»NASA Earth 
Res >urces Survey Program, Washington, D.C, 

author: Brooks, Ronald L.; Parra, Carlos G. 

Final rept. Mar 73-Sep 75 

C5791C4 Fidt 081, 93 A GRAI7604 

Sep 75 S8p 

Co ^act: MAS9-t3310 

Mos tor: NASA-CR— 144474 

Original contains color i?r.agery* Original photograohy inay be 
purchased from the ERGS Data Center, 10th and Dakota Ave*, 
SiouiC Falls, S.D. 57198. 

Descriptors: *Strip =rining. Forests, Agriculture, Land use. 
Coal, Kentucky, EREP, SKylaD program, Mul tispectral band 
scanners. Reflectance * 

Identifiers: NTISNASA 


PB-254 503/6ST NTIS Prices: PC A04/MF AOl 

Design, Development, Fabrication and Testing of a Portable 
Set f-Containeu Respirable Dust Mass tMcnitor 

•GCA Conp. t Bedford, Mass. GCA Technology Div. ♦Bureau of Mines, 
Itfashington, D.C. (146 325) 

AinHOR: Lilienfeld, Pedro 

C704413 Fid: 14B, 8i , 13B, 68A. 48' , 99A, 94D GRAI7619 
25 Oct 74 58 


OE POCl*' 
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PB-242 4G8/7ST NTI5 Prices: PC A11/;4F AOl 

Use of Photo Interpretai ion and Geological Data in the 
Identification of Surface Da;nage and Subsidence 

Pennsylvania Dept. of Envi ronmental Resources ♦ 

Harrisburg*^AppaTachi3n Regional Commission, Washington, 
D*C,+Earth Satellite Gorp. , Washington, D.C* 

Final rept. Nov 73- Apr 75, 

C49741I F3d: 081, 13M, 08G, 48A, 500^, 48F GRAI7518 
Apr 75 246p' 

Mon T tort ASC-73- 1 1 1 -2554 

Prepared by Earth Satellite Corp. , Washington, 0,C- 

Descriptors: ^Subsidence, *ReiftOte sensing, *Photogeology, 

Mines (Excavat ions) , Coal mining. Surfaces, Fracture zones. 
Coal deposits, Undergrcund reining, Mine waters. Aerial 
photography. Aerial surveys. Side looking radar. Scientific 
satellites. Data acquisition, Pennsylvania 

Identifiers: MTISAPPRC 


AO/A-004 861/tST NTIS Prices: PC A03/MF AOl 

Wonastatic Microwave I*^aging of Buried Objects , Volume I 

General Dynamics San Diego Calif EleGtronics Oiv*Army Mobility 
Equipment Research and Development Center, Fort Selvoir, Va, 
(147750} 

author: Yue, O- : Tricoles, G«: Rope, E, L- 
Final rept. Mar-Oct 74 

C4214H4 rid: 148, I9A, 63H, 79A GRAI7507 

Oct 74 49p 

Rept No: R-74-9S 

Ccitract: DAAK02-7t-C-0264 

Monitor: 18 

Descriptors: ^Buried cojects, ^Detectors, ?.line detection. 

Microwave equipment. Holography, Electromagnetic wave 
reflections. Polar izat ion. Underground 

Identif iers: »Buried object detectors, *Microwave imagerv, 

Remo te sens i ng , NTl SOOD A 


£75-t0085 Nils Prices: PC A02/tiF AOl 

Appl icabil 5 ty of Sk\ lab Renote Sensing for Detection and 
Monitoring of Surface lAini ng Activities 


Wolf Research and Development Corp, , Pocomcke, Md.*NASA Earth 
Resources Survey Program, Washington, D.C, 
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AUTHOR: Brooks, R^ L.; Penewell, d* D, 

Quarterly progress rept- no- 4, 1 Oct— 31 Dec 74 

C4 1 55C4 F 1 d: 93B 6RAI7506 

Jan 75 8p 

Con tracts NAS9-13310 

Monitor: NASA-CR-141 149 

Mu 1 t i spectra I photography. Strip reining. Environment effects. 
Reclamation, Tennessee, Kentucky, EREP, Skylab program. 
Surface water. Lakes, Streams, Acids 

Identifiers: KTISNASA 


E75-10038 NTIS Pricest PC A02/MF AOt 

Applicability of Skyiao Remote Sensing for Detection and 
Monitoring of Surface Mining Activities 

Wolf Research and Development Co*'p-, Pocoreoke, Md. ’•National 
Aeronautics and Space Administrat ion, Washington- D-C- 

AUTHOR: Brooks, R. L. ; Pennewell, d- O- 

Quarterly progress rept. no- 4, 1 dul 30 Sep 74 

C404SA2 Pld: 93B GRA17504 

Oct 74 6p 

Contract: NASD- 133 10 

Mon ii tor: NAS A-CR-1 40775 

Strip mines. Reclamation, Environment effects, Kentucky, 
Tennessee 

Identifiers: NtisnaSA 
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E74MC572 NTIS Prices: PC E02/WF AOt 

App I i cac? vM t y of SKy 1 ab Remo t e Sens i ng for Detect i on anci 
Monitoring of Surface Mining Activities 

Wolf Research and Developnient Corp^, PocomcKe, 

AUTHOR: BrooKs, R* L. ; Pennewen , U. D, 

Quarte'^ly prcg^ess rept. no. 5 , 1 Apr *30 dun 74 
C 3281 H 2 Fldt 93 C GRAI 7419 
dUl 74 4 p 
Contract! 

Moni tor t NAS A— CR ~ 1 38647 

Mul t ispoutral photography* Strip iRining, Ohio, *est Virginia. 
Pennsy I vr.n’a, Enviroriment effects, ER£P, Skylao program, 

Rec I aTa t i on • Envt ronmi^n t pol 1 o t i on 

Identifiers! NTISNASA 


£74-1 C465 NT IS Prices! PC E02/Jijr A01 

Appi icaoi i i ty of SKvlab Remo 2 Sensing for Detection and 
fr'cnttoring of Surisjrsr Alining Activities 

Wolf Restarcn and Develcpmenl Corp., PcccTOKe, f-d. 

AUThDR: B'ocJ^.s, R- t. ; PenneAelt, d. D. 

Quarterly progress rent- no. 4, i dan~31 ?«ar 74 

C2975»\4 Fid: 933 GRAI7414 

Apr 74 7p 

Contract! NAS3-T3310 

Monitor! NA5A~CR*“ 136866 

Strip r^:ning. Reclamation, Environment effects, Gnio, rfCest 
Varg'-n a. Pennsylvania, Indiana, Kentucky, Il^iross, EREP, 
Sky 1 as p'*og-'ar^. Land vise, tt spectra I pno:oc'*3pny. Remote 

sensor s 

Identifiers: NT I SN AS A 


PB-226 794/6 NTIS Prices! PC A03 

The Application of Re^note Sensing to Air Polluticn Detection 
and ?r!easurement 

Bureau of Mines, Washington, O.C, (C68 4501 

AUTHOR: H 2 «'rey, Brian '1*! McCrea, Donald H.; Forney* Albert d. 
I nf orma 1 1 on C i r cu 1 ar 

C2312C3 Fid! 13B, 7D, 68 A, 99A GRAI74Q6 
Mar 73 2Ep 


Rept No! B;^ine5^IC~S577 

ftonitor: 18 ^ 

Prepared by Pittsburgh Energy Research Center, Barcau of 
Mines, pitistMurgh, Pa. 

Paper copy available from GPO as stock no* C. 128. 27:8577, 
SN. 2404-^0 1308. 30.50. 

Descriptors: v^enote sensing, *Air pollution. Spectroscopic 

analysis* Photographic analys.s* Raman spectroscopy, Iftie 
scattering, lasers. Absorption 

Identifiers: »Air pollution detection, BM 


E74-10160 NTIS Prices: PC A02/7F AOT 

Applicability of SKy lab Remote Sensing for Detection and 
Monitoring of Surface Mining Actav. ties 

Wolf Research and Development Co**p., PococnoKe, Md. 

AUTHOR; Brooks, H. t.; Pen^ewen, d. D, 

Quarterly preg-'ess rept. no. 3, 8 Sep^31 Dec 73 

C2232JI Fid: 93B GRAI74C5 

23 Gee 73 6p 

Contract: NASS-taaiD 

Monitor: N AS A~CR- 136287 

Remote sensors, Recla'^atSci, 5tr’o nming, Ohio, West Virginia 
, Pennsylvan:a, ERE®. prograiK, Multi spectral 

photegraphy, E^nvircnmeni effects 

Identifiers: NASA 


PB~225 6^9/8 NTIS Prices: PC Ara^aF AOl 

Detect ic’i and cf S..btyrface Void Spaces by 

GrC;^nd~Based r/^c-^-^ave Rad^’Crete^s 

Resources Tech-^rtlsgy Cerp. , Heusten, Tex. |389 479| 
final rept. 3D 71-31 May 72. 

C2154K2 Flo: 135, 81. 5CE* GRAI74C4 
'May 72 15tp* 

Rept No: TR-1C42-I 
Contract * FH-1 1-7765 
Monitor! FHa A-RD”* 73-52 

Descriptors: »fadiCTetry, •S.*os^’’^ace invest ^ gat •Remcte 
sensing, Micrc«.ave ■egoip’^ent, S.,C£a*^face strv»ctares» Kansas# 
Voids, MinesCHxcavationsK Terperatv-re, Sonl isater. Density 

Identifiers: FhaPH 
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PB-225 420/9 liTlS Prices: PC AOB/JV'.F A01 

Infrared Reflectance Lleasurer^.envS of AlissourT Haters 
Qua 1 1 ty Apo I t ea € i ons 

Missouri Uniy.e Kansas City* Dept- of ?'~/s1cs. 

AUTHOR: Vlaring, Richard C^; Ouerry, ft^arvin R. 
CoDj)letion rept- 1 dun 72~30 Jun 73 
C20S304 Fid: 13B, 7B, 6BD. 93A GRAI7402 
Auq 73 88p 

Coni-oct: 0 1 -- 1 4-21 -OOC 1-3825 
Pro jeet : OaFR— A— 062-Mo 
Mon ! tor : H74-0 1 651- 


for 4ater 


Descr iptors: 
pol lot ion « 
Reflectance* 
runo f f , Oil s * 


(^v.ater Qo3l1tV“t sensing), (^Hater 

♦Infrared spectroscopy) * Ref lectCKneters* 

Sulfuric acid* Sodium nitrates* Surface water 
Alluvium, Luoss 


Identifiers: Mine acid drainage* Hater pollution detection, 

CWRR 


PB-206 626 HTIS Prices: PC A03 
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FINAL REPORT 


1 .0 EXPERIWENTAl OBJECTIVE 


The objective of this experinjent is to investigaite the feasibility of operationally 
identifying and locating strip mines on Landsat MSS data with JSC developed 
remote sensing technology. Because of the substantial work which has already 
been accomplished on this application, this experiment will be directed towards 
signature development. Other studies have determined that the location of 
mines is feasible but that substantial variation in signatures exist (see section 
2.0), In this study strip mine signatures will be examined with the intention 
of understanding and minimizing their variance. Signatures will then be evaluated 
in standard classification algorithms. 
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SECTION 2,0 


- CURRENT STATE-OF-THE-ART 


This section was lost during archiving. 


3,0 EXPERIMENTAL OVERVIEW 


The first phase of the experiment will be the compilation of a reference base 
map and ancillary data which will provide a check for Landsat analysis. This 
consists of interpreting aerial photography to obtain the mine boundaries and 
the various developmental stages for such mines, 

Interactive experimentation will be performed with the Landsat data. The prime 
consideration will be to evaluate the various signatures for the mines and attempt 
to consolidate similar signatures and separate unlike signatures in order to 
minimize the overall variance. 

The classification and cluster maps produced by this experimenation will be 
registered and recorded on film at a scale to fit the reference base for visual 
comparison. The process will be repeated, if necessary, to improve the techniques 
and results. A final analysis will be performed to evaluate the success of the 
experiment. This analysis will be provided in a final report which will also 
contain reduced image products of the test site. 


4.0 DEFINITION OF A "MINE" 


A mine is defined in this experiment as any feature which has a minimum of 5 
acres of contiguous bare soil (less than lOSI vegetation) and which has a 
geometric shape such that it file at least 1.5. Landsat pixels regardless of 
scanner orientation. 

This definition may appear restrictive and the benefit of detecting such mines 
questionable. However, if the detection system looks back for four to five years, 
the more recent and probably less reclaimed mines will be detected. It is not 
known if vegetation differences can be discriminated sufficiently accurately 
to indicate overgrown unreclaimed mines. Resources permitting, this will be 
intestigated. If the experiment is successful at differentiating the various 
stages of mine development, an alternative definition will be considered. 


5.0 SOURCE DATA 


The source data avallablo as of this writing Is as follows: 

0 Landsat CCTs 

821 229’ 631 3X0 June 4, 1978 
82119316295X0 April 19, 1978 

0 1 .*60,000 Aerial Photography 

Summer '78 with ground observations 
Summer '79 

0 1:24,000 USGS Maps 

Additional source data which has been or will be ordered Is as follows; 

0 Landsat CCTs 

821283-16341 July 78 
830514-16540 July 79 

0 Additional Maps at 1:24000 


6.0 REFERENCE DATA COMPILATION 

6.1 PHOTO SELECTION 

PeHocHc Inventories of mine-disturbed lands are needed for monitoring of 
environmental damisge and assessment of reclamation efforts. Most surface mines 
exhibit characteristic patterns or signatures that permit their identification 
from aircraft & satellite imagery. In order to check Landsat classification a 
reference base must be compiled from aircraft photos. For the location and 
interpretation of strip mines from aircraft photography the following procedures 
will be used. 

6.1.1 Locating Mines On Aerial Photography 

Strip mines in the study area will be manually located on aerial photography 
and prepared for mosaicing if required. 

6.1.2 Geometric Control 

A USGS Topographic Map of the area is used to select the basic horizontal control 
points, These points should be plotted directly on the overlay of the map. 

Each photograph or positive transparency will have a well distributed network 
of points which can be correlated with identical points on the base map. 

The control is necessary in order to establish the position and orientation of 
each photograph relative to the map or ground. This enables the photo to be used 
in the compilation of planimetric features and photo-base mosaic assembly- 
procedures if necessary. 

6.1.3 Transparent Overlay 

Transparent mylar base material will be used as a template for each photograph 
or positive transparency On which the fiducial marks and control points will 
be transferred and all mining natural, and cultural features delineated. 

6.1.4 Rectification Settings 

The template is then placed on the rectifier and is oriented and precisely 
adjusted to the map base control. The rectifier settings are recorded for 
future use. 


6.E INTERPRETING THE MINE AREAS 

6.2.1 Strip mining Procedures 

Flat-lying coal or other deposits near the surface are strip mined. Vegetation 
and surface soils are removed and the bedrock Is fractured by systematic 
blasting, The overburden is removed by heavy earth moving equipment, and power 
shovels scoop the uncovered coal Into trucks. The resulting landscape is often 
a series of elongated piles of waste material that 1s methodically placed in 
previously dug trenches as the stripping progresses. 

6.2.2 Delineation of Strip inines 

The various ground features associated with strip mines exhibit characteristic 
spectral and spatial patterns. The ground features to be delineated on the 
acetate template overlay include the following: 

1. Spoil areas 

2. Actively mined area 

3. Revegetated areas 

4. Undisturbed vegetated areas 

5. Water 

6. Other relevant features on the terrian 

Revegetated mined areas may occur in several growth stages depending on age. 

If necessary, a relative scale of age between recent and old will be adopted for 
both the natural and cultivated revegetated areas. Where feasible, ancillary 
data will be used to date a site. 

All delineated features will receive a unique designation on the overlay. 

6.3 TEMPLATE RECITIFICATION 

After marking the interpretations on the templates, the templates are rectified 
to the 1:24,000 base map. Rectifications are then placed on the base map and 
photo-reduced to a 1:100,000 scale. This is the product used to overlay Landsat 
classification results. 


6.4 REGISTRATION 


In order to evaluate the classification sources* the classification and cluster 
maps produced by the experiment will be registered to the reference base 
containing the photointerpreted mine boundaries. The registration will be 
performed by first selecting ground control points across the test site using 
the available map sources and Landsat Imagery. The line and sample position 
on the Imagery will be measured on a CRT and the corresponding latitude and 
longitude will be scaled from the map source. The latitude and longitude will 
then be converted to UTM, The UTM coordinates will then be translated and, if 
necessary rotated into a nap reference system to be used for resatpllng. 
Registration coefficients will be derived using a second order polynomial fit. 

The classification maps will then be resampled Into the map reference system 
such that a film recording of such data will overlay the reference base. 

6.5 FILM PRODUCTS 

Film products will be produced from both the aerial photos and the digital Landsat 
Imagery. The classification maps will also be filmed to overlay the reference 
base containing the Interpreted mine boundaries. These products will be recorded 
on film transparencies with color coded classifications which must be described 
In a legend. 


7.0 INTERACTIVE EXPERIMENTATION 


7.1 SIGNATURE EXPERIMENTATION AND CONSOLIDATION 

From the point of view of spectral/spatial signatures, mines are represented 
as sets of spatially contiguous pixels with varying spectral values. In the 
case of a large mine, there will be, in general, three or more subregions 
(revegetation, overburden, spoils, mined strip, water) with differing spectral 
signatures, For small mines (but larger than five acres), there may be one or more 
pure pixels surrounded by boundary pixels. 

It is proposed to conduct the initial signature experiment in a region where 
detailed ground observations are available. The following steps are required. 

7.1.1 Manually identify as many mines as possible in the training region using 
aerial photography and/or ground truth and the procedure outlined in 
section 6.2. 

7.1.2 Outline each identified mine on the corresponding 4 band Landsat imagery 
as a training field for future use in classification. Obtain raw pixel 
values, means, and covariance matrices for each training field. 

Also, in the case of large mines, establish each identifiable subregion 
as a training field associated with the mine. In the case of small mines, 
establish a boundary pixel field. In both cases, obtain a training field 
associated with the mine. In the case of small mines, establish a boundary 
pixel field. In both cases, obtain a training field consisting of a 
homogeneous vegetated area adjacent to the mine in question. 

7.1.3 Combine the statistics of these training fields as far as possible, using 
either parallelepiped classification or unsupervised clustering (L*^ distance, 
n=l or 2). 

7.1.4 Examine several band ratioing strategies among the four bands to see if a 
distinct pattern arises universally among the mines. If so, the detection 
problem will be simplified, with band ratios replacing the nominal spectral 
channel values in subsequent clustering/classification stages. 


7,1.5 Regarding temporal signature extension, there is reason to suspept that 

band ratioing among acquisition channels is useful for both mine detection 
and monitoring areal changes in mine subregions (i,e, Increases in 
revegetation) . 

Regarding spatial signature extension in the same general geographical 
area, band ratioing will be tested as a potentially useful strategy in 
detection and areal change monitoring. 


7.2 SUPERVISED CUSSIFICATION 

Utilizing the training fields estqblished in section 7.1, et least two types 
of classification will be utilized oyer the training area to establish size 
of errors and sensitivities to training data, Classification is described 
as follows. 

7.2.1 Maximum Likelihood (Bayesian) classification will be carried cut using a 
multi -variable Gaussian model. It is expected that very few errors of 
omission will occur, but that errors of commission will be numerous, ie, 
roads, towns, and bare soil may be classified as mine subregions. The 
commission errors will be removed by human intervention, using the spatial 
contextual information inherent in the Landsat imagery. 

7.2.2 In the spirit of the Procedure-1 technology developed for LACItl, training 
fields would not be used, however, one-pixel fields (dots) would be 
selected from each v. lining field. These dots will then be used as seeds 
in supervised clustering. In particular, nearest neighbor clustering 
(L*^, n=l or 2) will be utilized. 

The resulting clusters will be labeled to the dot labels and used as 
training fields in maximum likelihood classification. As part of verifica- 
tion of the Gaussian model assumption, each cluster will be examined for 
skewness and kurtosis estiamtes. As before, commission errors will be 
removed by human intervention. 

Handling of commission errors in this application is essentially a problem 
in recognition of spatial patterns. Consideration will be given to the 
establishment of a set of spatial recognition archetypes, which could be 
used to automatically resolve the question of whether or not to include 
a particular region classified as "mine" in the mine summaries, thus 
relieving the need for human intervention. 

Sensitivity of Classification results will be studied by systematically 
reducing the number of training fields or dots used in classification. 


Once 3 set of training fields (or dots) has been selected, classification can 
be applied to selected test sites in the same geographic area as the training 
region, as well as to different acquisitions over the training region* 

As mentioned in Section 7.1, band ratloing among acquisition-' will be employed 
to obtain an estimate of the feasibility of signature extention. 


7.5 RESULTS ANALYSIS 


The analysis of results will focus on careful examinations of spectral 
signatures and the classification results, and will include the following steps; 

1. Signature Examination 

0 Analysis of Ground Truth Map 

0 Association of Ground Features with Spectral Information 
0 Grouping Spectral signatures 
0 Select Training Fields 

2. Analysis of Supervised Classification Result 

0 Analysis of Extended Signature 

7. 5. 1.1 Analysis of Ground Truth Map 

Based on our concept mines derived from previous research, we anticipated 
ground conditions which include combinations of and variations in water, soils 
and vegetation. Similarly it is know that during the evolution of a particular 
site, strip mines proceed through a series of environmental changes in water, 
soil and vegetative conditions. The analysis of the ground truth map is 
intended to provide the investigator with an understanding of spatial and 
temporal variations in the ground conditions (Section 6.2.2) in strip mined areas, 
and will aid in associating corresponding spectral signatures with those ground 
conditions. Where ancillary data are available, the vegetation and soil 
characteristics, the size, and the age of mine will be correlated with the 
classification result for use in assessing their respective effects. 

7. 5. 1.2 Association of Ground Features With Spectral Information 

All classified Landsat data will be registered to a reference base made up of 
ground condition overlays. The strip mine ground conditions on the photo 
interpretation will be manually overlayed on the unsupervised cluster classifica- 
tion and visually associated with the corresponding spectral class. Class 
statistics then may be graphically and numerically examined. Similar comparisons 
between photo interpreted data and each individual Landsat band will be made to 
determine discriminating qualities in individual bands if they occur. This 
information is useful in visually selecting training fields for supervised 
classification as outlined under section 7.1. 


7. 5.1. 3 Grouping Spectral Signatures 

Natural groupings of Landsat clustered data tnay be approximated graphically in 
a two dimensional coordinate system where a visible and an infrared band are 
plotted into the coordinate system. Strip mine signatures are then identified 
and examined in the context of all other cluster signatures to develop a 
conceptual understanding of errors of comnission and omission. Additionally, the 
analyst can visually develop clusters which are based on 1) the physical 
characteristics of the ground condition and 2) the euclidean distance between 
cluster means. In this way natural groupings of classes are developed by the 
analyst which may be used later in the maximum likelihood classifier. 

A ratio of visible to infrared may be computed to numerically evaluate the 
similarity in classes. When the ratio is considered in concert with the total 
reflective intensity of visible and infrared bands (referred to as total 
magnitude), tne analyst is able to easily numerically group cluster means and 
identify anomalous data. 

Resources permitting the grouping procedure will be performed on several data 
sets of the same Landsat scene to assess the temporal affects on the data. 
Additionally, other nearby Landsat scenes may be graphically integrated with 
the original data set to develop a regional perspective of the signature 
variations. In the latter case, multiscene data will be temporally compatible. 

7. 5. 1.4 Select Training Fields 

The proceeding analyses provide three kinds of information useful in selecting 
training fields. These Include 1) the ground conditions common to most strip 
mines, 2) those strip mine characteristics which are the dominant features in 
discriminating mines from all other features in the scene, and 3) the spectral 
signatures associated with strip mine ground conditions and all other features 
observed in the terrian. In accordance with the procedure outlined under 7.1, 
training fields will be selected either through a process of consolidating the 
set of strlpmine signatures or by selecting the prevaling discriminant strip 
mine signature(s). 


7.5.2 ANALYSES O!’ SUPERVISED CLASSIFICATION RESULT 


The purpose of the results arwdyses of the supervised classifications is to 
determine their accuracies. An arbitrary minimum acceptable accuracy criterion 
which is agreeable to the investigators is 85 percent correct classification 85 
percent of the time. Replications of the experiment, however, are limited by 
the size of the study area and the available data. When this accuracy is not 
achieved, a refinement in the proceedure or training field statistics will be 
performed and subsequently evaluated. 

Accuracies in the selected test area rill be determined by comparison with the 
Interpreted aerial photography. A mine is considered detected when either the 
whole or one part of the mine is sensed and called "strlpmine" by the classifier. 
Errors of commission and omission will be culled manually and examined to aid 
in improving classification accuracies In subsequent analyses. 

7. 5. 2.1 Analysis cf Extended Signature 

Resources permitting, an asss'ssment of classification accuracies identical to 
that described in 7.5.2 will be performed on a test site remote from the original 
test site. The purpose of this analysis is to determine the accuracy attainable 
in signature extension. 

7.5.3 RESULTS REPORTS 

Results will be documented in detail in reports as required. 


8,0 FINAl, REPORT 


f 

A final report will be prepared and will Incorporate this experimental design 
doucment, analysis of the experimental results and reduced copies of the various 
film products. 


